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High Transverse Momentum Light and Heavy Flavor Hadrons / 0

Medium-induced gluon radiation beyond the eikonal approxima-
tion

Authors: Carlos SalgadoI ; Guilherme Milhano?; Liliana Apolinériol ; Néstor Armesto’

! Universidade de Santiago de Compostela
2 CENTRA-IST and CERN-PH-TH

Corresponding Author: lilianamarisa.cunha@usc.es

In this work we improve existing calculations of radiative energy loss by computing corrections that
implement energy-momentum conservation, previously only implemented a posteriori, in a rigor-
ous way. Using the path-integral formalism, we compute in-medium splittings allowing transverse
motion of all particles in the emission process, thus relaxing the assumption that only the softest par-
ticle is permitted such movement. This work constitutes the extension of the computation carried
out for x — 1 in Phys. Lett. B718 (2012) 160-168, to all values of x, the momentum fraction of the
energy of the parent parton carried by the emitted gluon. In order to accomplish a general descrip-
tion of the whole in-medium showering process, in this work we allow for arbitrary formation times
for the emitted gluon (the limit of small formation times was previously employed in [J.-P. Blaizot,
F. Dominguez, E. Iancu, and Y. Mehtar-Tani, JHEP1301 (2013) 143], for the g — gg splitting). We
provide general expressions and their realisation in the path integral formalism within the harmonic
oscillator approximation.

High Transverse Momentum Light and Heavy Flavor Hadrons / 2

Dynamical Evolution, Hadronization and Angular De-correlation
of Heavy Flavor in Hot and Dense QCD Matter at RHIC and LHC

Authors: Guang-You Qinl; Shanshan Cao?; Steffen Bass®

! Central Normal University

% Duke University
Corresponding Author: shanshan.cao@duke.edu

Heavy flavor serves as a valuable probe of the transport properties of the quark-gluon plasma cre-
ated in relativistic heavy-ion collisions. Within the framework of a Langevin equation coupled to
a (2+1)-dimensional viscous hydrodynamic model, we introduce an algorithm that incorporates not
only collisional, but also radiative energy loss for heavy quarks by treating the medium-induced
gluon radiation as a recoil force term for heavy quarks traversing the QGP matter. The subsequent
hadronization process is calculated using a hybrid recombination plus fragmentation model. Within
this improved transport framework, our calculation shows significant contributions from gluon radi-
ation to heavy quark energy loss at high energies; the recombination mechanism is found important
for heavy flavor meson production at intermediate energies. Our numerical results provide a good
description of D meson suppression and flow measured at both RHIC and LHC, as well as predictions
for the future measurements of B mesons. In addition, a new observable — the angular correlation
function of heavy flavor pairs - is explored in our study and found to be a potential candidate for
distinguishing different energy loss mechanisms of heavy quarks inside a QGP.

Keywords:

Heavy flavor, Langevin equation, radiative energy loss, hadronization, angular correlation function.
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Hard and Thermal Electroweak Probes / 4

Photon Signals from Quarkyonic Matter

Author: Sascha Vogel'

' Frankfurt Institute for Advanced Studies

Corresponding Author: svogel@th.physik.uni-frankfurt.de

This contribution will present a novel way to experimentally investigate quarkyonic matter. In or-
der to do so we calculate the Bremsstrahlung photon spectrum emitted from dynamically evolving
quarkyonic matter, and compare this spectrum with that of a high chemical potential quark-gluon
plasma as well as to a hadron gas.

We find that the transverse momentum distribution and the harmonic coefficient is markedly differ-
ent in the three cases.

The quarkyonic elliptic flow coefficient fluctuates randomly from event to event, and within the
same event at different transverse momenta. The latter effect, which can be explained by the shape
of quark wavefunctions within quarkyonic matter, might be considered as a quarkyonic matter sig-
nature.

The corresponding manuscript has been accepted for publication in PRL and can be found at http://arxiv.org/abs/arXiv::

Keywords:

quarkyonic matter, photons, heavy ion collisions, elliptic flow, transverse momentum spectrum

Initial State and Proton-Nucleus Collision Phenomena / 6

Color Class Condensate from electron-proton DIS to proton-nucleus
collisions

Author: Heikki Méntysaari'

Co-author: Tuomas Lappi '

! University of Jyviskyld
Corresponding Author: heikki.mantysaari@jyu.fi

The Color Class Condensate offers a consistent framework to describe high-energy (small-x) data
from various experiments. The non-perturbative input for these calculations, the dipole-target am-
plitude at initial Bjorken-x, is obtainable from electron-proton deep inelastic scattering processes.
Once that is known, one can compute, for example, single and double inclusive particle production
in proton-proton and proton-nucleus collisions. Proton-nucleus collisions are especially interesting
as the saturation scale is expected to scale as A"1/3, making saturation phenomena easier to observe
in pA than pp collisions.

We discuss how tightly the electron-proton DIS data constrains the initial condition for the dipole
amplitude and how the LHC single inclusive spectra can be used to further test the CGC picture.
Then using only information from DIS experiments we generalize the dipole amplitude to nuclear
targets and compute particle production in proton-nucleus collisions [1]. We present predictions
for the nuclear suppression factor R_pA at forward rapidities and compare with pQCD calculations.
We also discuss how the back-to-back structure of the forward dihadron production cross section
is modified when moving from proton-proton to proton(deuteron)-nucleus collisions, as naturally
understood in the CGC [2].
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References:

[1] T. Lappi, H. Méantysaari, in progress

[2] T. Lappi, H. Méantysaari, Nucl. Phys. A908 (2013) 51-72
Keywords:

cgc, nuclear suppression, dihadron correlations, forward particle production

Initial State and Proton-Nucleus Collision Phenomena / 7

Numerical studies of JIMWLK

Author: Tuomas Lappi'

! University of Jyviskyld
Corresponding Author: tuomas.v.vlappi@jyu.fi

In the CGC framework the initial stages of a heavy ion collision at high energy are described as
“glasma” field configurations. The initial condition for these evolving fields depends, in the CGC
effective theory, on a probability distribution for color charges. The energy dependence of this
distribution can be calculated from the JIMWLK renormalization group equation.

We discuss recent progress in numerically solving the JIMWLK equation in order to understand
properties of the glasma initial state. In particular we discuss work on a practical implementation
of the running coupling constant in the Langevin method of solving the JIMWLK equation.

Keywords:
Small-x, CGC

Initial State and Proton-Nucleus Collision Phenomena / 8

Double parton scattering in proton-nucleus and nucleus-nucleus
collisions at the LHC

Author: David d’Enterria’

Co-author: Alexander Snigirev 2

! CERN
2 MSU Moscow

Corresponding Author: dde@cern.ch

Multi-parton scatterings are extremely enhanced in interactions involving nuclei at colliders, com-
pared to proton-proton collisions at the same energy. We present the derivation of a simple generic
expression to compute double-parton scattering (DPS) cross sections in high-energy proton-nucleus
and nucleus-nucleus collisions as a function of the corresponding single-parton hard cross sections
and of the event centrality. We apply such DPS formalism to two different final-states at CERN LHC
energies: (i) same-sign W-boson pair production in p-Pb [1], and (ii) double-J/psi production in Pb-
Pb [2], using NLO predictions with nuclear PDF modifications for the corresponding single-parton
scatterings. The first process can help determine the effective sigma_eff parameter characterising the
transverse distribution of partons in the nucleon. The second process provides interesting insights
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on the event-by-event enhancements and/or suppressions observed in prompt-J/psi production in
Pb-Pb collisions at the LHC. Both processes are experimentally measurable and the expected event
rates, after acceptance and efficiency losses, for the signal and backgrounds will be discussed.

[1] D. d’Enterria and A.M. Snigirev, Phys.Lett. B718 (2013) 1395; arXiv:1211.0197.
[2] D. d’Enterria and A.M. Snigirev, arXiv:1301.5845.

Keywords:

Hard scattering, double-parton scattering, proton-nucleus, nucleus-nucleus, LHC

Initial State and Proton-Nucleus Collision Phenomena / 10

Long range two-particle correlations and initial state

Author: Michael Lublinsky1

Co-author: Alex Kovner *

! Ben-Gurion University of the Negev

2 University of Connecticut
Corresponding Author: lublinm@bgu.ac.il

We address the relation between the long range two-particle correlations
observed at the LHC and the B-Reggeon. The latter is a four-point
generalization of the BFKL Pomeron also emerging as a new element of
the QCD Reggeon Field Theory.

Initial State and Proton-Nucleus Collision Phenomena / 11

Anisotropic flow of thermal photons as a quark-gluon plasma vis-
cometer

Author: Ulrich Heinz'

Co-authors: Charles Gale ?; Chun Shen '; Jean-Francois Paquet 2

! The Ohio State University
% McGill University

Corresponding Author: heinz@mps.ohio-state.edu

As is well known, photons are a penetrating probe of the dense medium created in heavy-ion colli-
sions. I will present state-of-the-art calculations of viscous photon emission from nuclear collisions
at RHIC and LHC. Fluctuating initial density profiles are evolved with event-by-event viscous hydro-
dynamics. Momentum spectra of thermal photons radiated by these explosively expanding fireballs
and their pp-differential anisotropic flow coefficients v, (pr) are computed, both with and without
accounting for viscous corrections to the standard thermal emission rates at leading logarithmic or-
der. Viscous corrections to the rates are found to have a larger effect on the v,, coefficients than
the viscous suppression of hydrodynamic flow anisotropies. Since photons are found to be more
sensitive to the quark-gluon plasma (QGP) shear viscosity than hadrons, their anisotropic flow coef-
ficients v,, serve as a sensitive QGP viscometer.
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Initial State and Proton-Nucleus Collision Phenomena / 13

Spatially dependent nPDFs and their applications in inclusive pion
and prompt photon production

Author: Ilkka Helenius'

Co-authors: Hannu Paukkunen '; Kari J. Eskola !

! University of Jyviskyld
Corresponding Author: ilkka.helenius@jyu.fi

I will focus on the nuclear PDFs (nPDFs) and their applications in high energy A+A and p/d+A col-
lisions. First, I will introduce our recently published spatially dependent nPDF sets, EPS09s and
EKS98s, and discuss the centrality dependence of hard-process cross-sections within the collinear
factorization framework. More specifically, I will compare our NLO pQCD calculations for the nu-
clear modification factor of neutral pion and prompt photon production with the data in d+Au and
Au+Au collisions at RHIC and for p+Pb and Pb+Pb collisions at the LHC at midrapidity in different
centrality classes. These calculations are found to be well in line with the published data. After this,
I will discuss the same observables also at forward rapidities and show to what extent these will
probe the small-x gluon densities in p+Pb collisions at the LHC. In addition, we have implemented
the spatially dependent nPDFs into a Monte-Carlo Glauber framework to study whether the cen-
trality dependence turns out to be different (stronger) than with the optical Glauber model used so
far.

Keywords:

nPDF, proton-lead collisions, prompt photons, nuclear modification factor

Initial State and Proton-Nucleus Collision Phenomena / 14

The onset of hydrodynamical flow in high energy heavy ion col-

lisions

Author: Francois Gelis'

Co-author: Thomas Epelbaum '

U IPhT, CEA-Saclay

Corresponding Authors: francois.gelis@cea.fr, thomas.epelbaum@cea.fr
Real time lattice simulations of the early stages of high energy
collisions in the Color Glass Condensate framework indicate a rapid
isotropization of the pressure tensor. For realistic values of the
saturation momentum, nearly ideal hydrodynamics provides a good

description of the bulk evolution of the system after a transient
regime that lasts about 1 fermi/c.

Keywords:

color glass condensate, initial state

Initial State and Proton-Nucleus Collision Phenomena / 15
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Measuring the gluon distribution in nuclei at an Electron-Ion Col-
lider

Author: Matthew Lamont'

' BNL
Corresponding Author: macl@bnl.gov

Despite the successes of the HERA collider, where much information was gained on the structure
of the nucleon, data on the structure of the nucleus at moderate-to-small x remains elusive, as only
fixed-target high-x data currently exist. The small-x region, however, is of great interest. The nucleon
structure in this region is dominated by gluons which show a rapid rise with decreasing x. At low-x,
this growth must be tamed and the gluon distribution will be saturated. This saturation phenomena
is expected to be universal, appearing in both nucleons and nuclei. A knowledge of this regime is
of vital importance to understanding the underlying physics which governs the initial conditions of
heavy-ion collisions at both the LHC and RHIC, where particle production is dominated by gluons
from this unknown region.

However, only tantalising hints of this have been observed so far. Therefore, the construction of
an Electron-Ion Collider (EIC), colliding polarised electrons with polarised protons and also a wide
variety of nuclei, will allow an exploration of the region of small-x in great detail (with luminosities
100x that of HERA), answering questions on both the spatial and momentum distributions of gluons
and sea quarks in nuclei. In particular, the saturation region is more accessible in nuclei due to the
amplification of the saturation scale with nuclear size (Q_s ~ A"(1/3)).

In this talk I will present the current status of the physics capabilities of e+A collisions at an EIC as
outlined in the EIC White paper [1].

[1] A. Deshpande at al, arXiv:1212.1701, (2012)

Heavy Flavor Production and Quarkonia / 16

Azimuthal Jet Flavor Tomography via CUJET with Running Cou-
pling in 2+1D Viscous QGP Fluids

Author: Jiechen Xu'

Co-authors: Alessandro Buzzatti *; Miklos Gyulassy '

! Columbia University
% Lawrence Berkeley National Laboratory
Corresponding Author: xjc@phys.columbia.edu
We present recent progress with the CUJET pQCD jet tomographic model, which couples running
coupling dynamic DGLV opacity series with 2+1D viscous hydro (T, u*) fields. We test the consis-
tency of this model with recent RHIC and LHC data on the azimuthal and transverse dependence

of Raa—n(pr, ¢,/,b), the nuclear modification of light and heavy open flavor fragments from
quenched jets.

Keywords:
Jet Flavor Tomography, Viscous Hydro, CUJET

Jet Quenching and Observables / 19
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A hybrid strong/weak coupling approach to jet quenching

Authors: Daniel Pablos'; Doga Gulhan®; Guilherme Milhano®; Jorge Casalderrey'; Krishna Rajagopal®

! Universitat de Barcelona
2 MIT
* CERN, Universidade de Santiago de Compostela

Corresponding Author: dpablos@ecm.ub.es

We study the modification of jet properties in a heavy ion environement by the presence of strongly
coupled quark gluon plasma. We explore a hybrid approach, in which the high virtuality splitting
processes that dominate the QCD shower proceed as in vacuum while the partons of the shower
interact with the system as dictated by strongly coupled computations via the AdS/CFT correspon-
dence. We incorporate this approach into an event Monte Carlo and study multiple jet observables,
such as jet suppression, di-jet asymmetry, etc. We show that this approach is in qualitative agree-
ment with the available jet measurements at the LHC, but a quantitative description may require
additional sources of energy loss, such as radiative processes.

Initial State and Proton-Nucleus Collision Phenomena / 20

From full stopping to transparency in a holographic model of
heavy ion collisions

Authors: David Mateosl;Jorge Casalderrey—Solanaz; Michal Heller®; Wilke van der Schee*

! ICREA & Universitat de Barcelona
2 Universitat de Barcelona
3 Universiteit van Amsterdam

* Utrecht University
Corresponding Author: jorge.casalderrey@ub.edu

We numerically simulate planar shock wave collisions in anti-de Sitter space as a model for heavy
ion collisions of large nuclei. We uncover a cross-over between two different dynamical regimes
as a function of the collision energy. At low energies the shocks first stop and then explode in a
manner approximately described by hydrodynamics, in close similarity with the Landau model. At
high energies the receding fragments move outwards at the speed of light, with a region of negative
energy density and negative longitudinal pressure trailing behind them. The rapidity distribution
of the energy density at late times around mid-rapidity is not approximately boost-invariant but
Gaussian, albeit with a width that increases with the collision energy.

Keywords:

AdS/CFT, Initial state, Thermalization, out-of-equilibrium, hydrodynamic flow

Initial State and Proton-Nucleus Collision Phenomena / 22
Studies of production in the forward region at LHCb
Authors: Marta Calvi'; Mikhail Zavertyaev2

! University Milano Bicocca and INFN
? Max PLank Fuer Kernphysik, Heidelberg
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Corresponding Authors: marta.calvi@mib.infn.it, mikhail.zavertiaev@mpi-hd.mpg.de

LHCDb experiment performs multiple studies at 0.9TeV and 7TeV proton-proton interactions. Results
on Energy flow, charge particle multiplicities, particle production ratios, charm production studies
are presented and discussed. The comparison with the predictions of different models indicates that
more efforts are needed for better understanding of physical processes.

Initial State and Proton-Nucleus Collision Phenomena / 24

JIMWLK evolution for multi-particle production in Langevin form

Author: DIONYSIS TRIANTAFYLLOPOULOS!
Co-author: EDMOND IANCU ?

' ECT* and FBK
2 IPKT, Saclay, CEA

Corresponding Authors: trianta@ectstar.eu, edmond.iancu@cea.fr

We study multi-particle production with rapidity correlations in proton-nucleus collisions at high
energy in the Color Glass Condensate framework. The high-energy evolution responsible for such
correlations is governed by a generalization of the JIMWLK equation describing the simultaneous
evolution of the strong nuclear color fields in the direct amplitude and the complex conjugate am-
plitude. This functional equation can be used to derive ordinary evolution equations for the cross-
sections for particle production but the ensuing equations appear to be too complicated to be useful
in practice, even at large Nc. We propose an alternative formulation based on a Langevin process,
which is better suited for numerical implementations, and we present the stochastic equations ap-
propriate for two gluon production.

28

Radiative p_T broadening of high energy quarks and gluons in
QCD matter

Authors: Al Mueller'; Bin Wu?; Tseh Liou'

! Columbia University

% IPhT Saclay
Corresponding Author: bin.wu@cea.fr

In this talk I report our results on radiative transverse momentum broadening of high energy quarks
passing through hot and cold QCD matter. With L the length of the matter and 1_0 the size of
constituents of the matter we find p_T"2 has both double logarithmic terms, In"2(L/1_0), and single
logarithmic terms, In(L/1_0), coming from gluon radiation induced by the matter. We also carry out
a resummation of the double logarithmic terms. Our results may indicate a double logarithmically
enhanced ghat from gluon radiation and energy loss from two gluon radiation.

Keywords:

transverse momentum broadening, ghat, QCD matter, double logarithmic resummation
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Initial State and Proton-Nucleus Collision Phenomena / 29

Elliptic Flow from Non-equilibrium Initial Condition with a Sat-
uration Scale

Author: Francesco Scardina'

Co-authors: Marco Ruggieri 2. Salvatore Plumari '; Vincenzo Greco !

! University of Catania (INFN-LNS)

% University of Catania
Corresponding Author: scardinaf@Ins.infn.it

A current goal of relativistic heavy ion collisions experiments is the search for a Color Glass Con-
densate (CGC) as the limiting state of QCD matter at very high density. In viscous hydrodynamics
simulations, a standard Glauber initial condition leads to estimate 47ntr)/s ~ 1, while employing the
Kharzeev-Levin-Nardi (KLN) modeling of the glasma leads to at least a factor of 2 larger n/s.
Within a kinetic theory approach based on a relativistic Boltzmann-like transport simulation, our
main result is that the out-of-equilibrium initial distribution reduces the efficiency in building-up
the elliptic flow. At RHIC energy we find the available data on v2 are in agreement with a 4mn/s ~ 1
also for KLN initial conditions. More generally, our study shows that the initial non-equilibrium in
p-space can have a significant impact on the build-up of anisotropic flow.

Keywords:

Heavy ion collisions, Color Glass Condensate, Shear Viscosity, Elliptic Flow, Transport Theory

Jet Quenching and Observables / 30

Understanding Jet Modifications at the LHC

Author: Konrad Tywoniuk’

Co-author: Yacine Mehtar-Tani 2

! Universitat de Barcelona

® IPTH, CEA Saclay
Corresponding Author: konrad.tywoniuk@gmail.com

Jets are collimated QCD multi-particle states that are abundantly produced in heavy-ion collisions
at the LHC. Their description in the vacuum is governed by hardest scale of the problem, typically
the jet virtuality. In the presence of a background color field, e.g. such as expected in a quark-gluon
plasma, one also has to consider a hard scale arising from the medium interactions. It was recently
shown that due to the collinear nature of QCD splittings, high-energy jets are typically quite colli-
mated and are not resolved by the medium, i.e. they are only seen as a total charge and lose energy
coherently. Assuming this scenario holds for all jets, we show how a factorization of small-angle
jet evolution and large-angle medium-induced emissions can be realized and calculate three key
observables: the jet RAA, modification of the intra-jet structure and the amount of out-of-cone ra-
diation. Medium-induced radiation is accounted for using the established factorization of multiple
branchings leading to the probabilistic rate equation - which we presently improve upon by intro-
ducing finite-size effects and a proper regularization prescription in the infrared. This mechanism
is particularly important for the transport of energy away from the jet axis up to large angles. For
the intra-jet structure, on the other hand, we find the striking importance of so-called “antiangular
ordered radiation,” resulting from the slight decoherence of the jet during the passage through the
medium.

Keywords:
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jet physics, jet quenching

Hard and Thermal Electroweak Probes / 31

Measurements of direct photons in AuAu collisions with PHENIX

Author: Benjamin Bannier'

! Stony Brook University
Corresponding Author: bbannier@gmail.com

The PHENIX experiment has published direct photon yields and elliptic flow coefficients (v2) from
Au+Au collisions at RHIC energies. These results have sparked much theoretical discussion. The
measured yields and flow parameters are difficult to reconcile in current model calculations of ther-
mal radiation based on hydrodynamic time evolution of the collision volume. New sources of pho-
tons, e.g. initial state emission related to strong magnetic fields, have been proposed as alterna-
tives.

Our latest analyses which use high statistics data from Run-7 and Run-10 allow to determine yields
and harmonic coefficients (v_n) with finer granularity in centrality and photon momentum and down
to p_T as low as 400 MeV/c. In this talk we will summarize the current status and present new results
from PHENIX.

Initial State and Proton-Nucleus Collision Phenomena / 34

Di-jet asymmetric momentum transported by QGP fluid

Author: Yasuki Tachibana’

Co-author: Tetsufumi Hirano ?

! The University of Tokyo
2 Sophia University

Corresponding Author: tachibana@nt.phys.s.u-tokyo.ac.jp

High energy partons propagating through the QGP medium are subject to deposit their energy and
momentum into the medium. The dynamics of the QGP fluid would be affected by the energy-
momentum deposition from these energetic partons. We study the collective flow of the QGP fluid
induced by the jets using a (3+1)-dimensional QGP-fluid+Jet model. We simulate the propagation of
jets together with expansion of the QGP fluid and calculate the transverse momentum distribution of
the particles originated from the medium. As a result, a large fraction of the momentum imbalance
of the di-jet is compensated by low-pT particles at large angles from the jet axis. This result is
consistent with the one observed by the CMS Collaboration [1].

References
[1]S. Chatrchyan et al. [CMS Collaboration], Phys. Rev. C 84, 024906
(2011); C. Roland, J. Phys. G 38, 124020 (2011) .

Initial State and Proton-Nucleus Collision Phenomena / 35
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Ridge correlations from initial state.

Authors: Alexander Kovner'; Michael Lublinsky?

! University of Connecticut

? BGU
Corresponding Author: kovner@phys.uconn.edu

I describe several mechanisms that lead to ridge like correlations in the produced particle spectrum
in p-p and p-A collisions at high energy. The discussion is within the Color Glass Condensate frame-
work, but the physics involved is not directly tied with saturation.

High Transverse Momentum Light and Heavy Flavor Hadrons / 37

The parton cascade BAMPS with the improved Gunion-Bertsch
matrix element

Author: Carsten Greiner’

! Goethe University Frankfurt
Corresponding Author: carsten.greiner@th.physik.uni-frankfurt.de

An updated version of the partonic transport model Boltzmann Approach to MultiParton Scatterings
(BAMPS) is presented, which allows interactions among all partons: gluons, light quarks, and heavy
quarks with elastic and inelastic collisions. We introduce the improved Gunion-Bertsch matrix el-
ement, which cures problems of the original Gunion-Bertsch result in characteristic regions of the
phase space. Verified by extensive numerical calculations, the improved matrix element agrees well
with the exact calculation. With the new matrix element, important properties of the quark-gluon-
plasma in heavy-ion collisions such as the thermalization time of the plasma and the shear viscosity
over entropy density ratio are calculated within the microscopic transport model BAMPS. Further-
more, we compare our results of the nuclear modification factor and elliptic flow to experimental
data at RHIC and LHC.

High Transverse Momentum Light and Heavy Flavor Hadrons / 43

Shooting string holography of jet quenching at RHIC and LHC

Authors: Andrej Ficnar'; Miklos Gyulassy'; Steven Gubser?

! Columbia University

% Princeton University
Corresponding Author: aficnar@phys.columbia.edu

Previous holographic models of jet quenching in AdS/CFT via “falling strings” were found to be in-
compatible with the recent LHC data in arXiv:1208.0305. A new set of “shooting string” holographic
jet initial configurations with finite momentum at string endpoints was proposed in arXiv:1306.6648
that suggests a more natural scheme for determining the instantaneous rate of energy loss of jets
in SYM plasmas with longer stopping distances. We apply this framework to predict nuclear modi-
fication factors RAA of jets, and compare to recent data at RHIC and LHC. Phenomenological con-
sequences of non-conformal deformations of AdS geometry and Gauss-Bonnet quadratic curvature
corrections will be discussed.
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Keywords:
Jet quenching, AdS/CFT correspondence, RAA, light quark energy loss

Initial State and Proton-Nucleus Collision Phenomena / 44

EIC: New Scientific and Technology Frontiers for Parton Fem-
toscopy

Author: William Brooks'

! Universidad Técnica Federico Santa Maria
Corresponding Author: william.brooks@usm.cl

Our understanding of the structure of nucleons is described by the properties and dynamics of quarks
and gluons in the theory of quantum chromodynamics. With advancements in theory and the de-
velopment of phenomenological tools we are preparing for the next step in subnuclear tomographic
imaging at a future electron-ion collider. High center-of-mass energies (up to 150 GeV) in com-
bination with extremely high luminosities (up to 10"34 /s/cm"2) will provide the precision and a
kinematic reach well into the gluon dominated regime of very low parton momenta where a sat-
uration of the gluon density is expected, in particular in collisions of electrons with heavy nuclei.
In addition, highly polarized nucleon and electron beams (70% polarization) can probe the parton
polarizations in previously unexplored kinematic regions and with unprecedented accuracy, as well
as address the role of orbital angular momentum with respect to the nucleon spin. This talk will
summarize the theoretical, experimental and technical challenges of such a versatile experimental
endeavor as planned for the Electron Ion Collider.

Hard and Thermal Electroweak Probes / 47

Dileptons in d+Au Collisions at sqrt(s)=200 GeV measured by PHENIX
and its implications on heavy flavor

Author: Deepali Sharma'

! Stony Brook University
Corresponding Author: deeps.sharma@gmail.com

The dielectron mass spectrum is a unique probe to directly access the different stages of a heavy-ion
collision. The low mass region (m_ee < 1 GeV/c"2) reflects the Quark Gluon Plasma (QGP) tem-
perature and thermalization phase, while the low vector meson resonances probe chiral symmetry
restoration. The intermediate (1< m_ee<3 GeV/c"2) and high (4<m_ee<8 GeV/c”2) mass regions are
dominated by semi-leptonic decays of open charm and beauty respectively and so provide informa-
tion about the heavy flavor dynamics.

The PHENIX experiment at RHIC has studied the dielectron mass spectrum in different collision sys-
tems, ranging from p+p to d+Au to Cu+Cu to Au+Au at sqrt(s) = 200 GeV. While the mass spectrum
in p+p collisions is well understood in terms of expectations from various sources and serves as a
baseline for other collision systems, the low mass excess seen in the Au+Au mass spectrum is still a
challenge to theory. The d+Au data thus serves as a control experiment to isolate any cold nuclear
matter effects coming from the intial state of the collision.

PHENIX collected a large data set of d+Au collisons in 2008, reaching to high mass (m_ee< 14
GeV/c”2) and high transverse momentum (p_T< 8 GeV/c). The large range in mass and p_T cov-
ers the phase space dominated by heavy flavor and so can be used to test next-to-leading order
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pPQCD calculations for such processes. This talk will summarize the d+Au dielectron mass spectrum
studied as a function of p_T and centrality. We will also show the charm and

beauty cross-section extracted using several models, utilizing a

double differential fit in mass and p_T.

Hard and Thermal Electroweak Probes / 49

On loop corrections to the dilepton rate

Author: Mikko Laine’

! University of Bern
Corresponding Author: laine@itp.unibe.ch

A novel next-to-leading order analysis of the dilepton production rate
from a hot QCD plasma is reported. The photon invariant mass is taken to
be in the range K*2 ~ (pi T)"2; subsequently the results are compared
with an OPE computation in a hard regime K2 » (pi T)"2, with an LPM
resummed computation in a soft regime K"2 « (pi T)"2, as well as with
recent lattice simulations in the Euclidean domain.

High Transverse Momentum Light and Heavy Flavor Hadrons / 53

Elastic vs. radiative heavy quark energy loss within a transport
model

Author: Jan Uphoff'

Co-authors: Carsten Greiner '; Oliver Fochler !; Zhe Xu ?

! Goethe University Frankfurt

? Tsinghua University, Beijing
Corresponding Author: uphoff@th.physik.uni-frankfurt.de

The full space-time evolution of heavy quarks and light partons in ultra-relativistic heavy-ion colli-
sions is studied within the partonic transport model Boltzmann Approach to MultiParton Scatterings
(BAMPS). We discuss in detail for all flavors the influence of elastic and radiative energy loss with a
running coupling. Radiative processes, in particular, are implemented through an improved version
of the Gunion-Bertsch matrix element, which is derived from comparisons to the exact result. In
this calculation the finite heavy quark masses are explicitly taken into account, leading to the dead
cone effect. Consequently, we present results of this updated version of BAMPS and compare them
to experimental data at RHIC and LHC. In detail, the nuclear modification factor and elliptic flow
of charged hadrons, heavy flavor electrons as well as muons, D mesons, and non-prompt J/psi are
discussed. The latter two are especially sensitive to the mass difference of charm and bottom quarks.
Furthermore, we make predictions where no data is available yet.

High Transverse Momentum Light and Heavy Flavor Hadrons / 54

Radiation spectrum of a massive quark-gluon antenna in a QCD
medium
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Authors: Carlos Alberto Salgado Lépez'; Manoel Anxo Rodriguez-Moldes Diaz'; Manoel Rodriguez Calvo®

! Universidade de Santiago de Compostela

% Universidade de Santiago de Compostela - IPhT CEA Saclay
Corresponding Author: manoelsirval@gmail.com

We derive the radiation spectrum of a massive quark-gluon antenna in a QCD medium. The calcu-
lation is done in the formalism of the classical Yang-Mills (CYM) equations and interactions with
the medium are handled in the harmonic oscillator approximation, valid for soft gluon emissions.
We discuss the effect produced by the presence of a mass scale and compare the results with the
massless case. We put our findings in relation with the energy loss of heavy quarks in heavy ion
collisions, one of the phenomenological puzzles of RHIC and LHC data.

Initial State and Proton-Nucleus Collision Phenomena / 56

Multiplicities, p_T spectra and v_2 in A+A collisions at LHC and
RHIC from NLO-improved pQCD + saturation + hydrodynamics
model

Author: Risto Paatelainen’

Co-authors: Hannu Holopainen 2. Harri Niemi ; Kari Eskola *

' University of Jyviskyld
2 Frankfurt Institute for Advanced Studies

Corresponding Author: risto.s.paatelainen@jyu.fi

We report the results from the recent studies [1,2], where we have brought the EKRT framework
[3] to next-to-leading order (NLO) in pQCD, and shown the viability of the model in describing the
produced initial QGP energy densities at the LHC and RHIC.

Our updated framework [1] combines a rigorous NLO pQCD computation of the minijet transverse
energy production with the saturation of gluons and fluid dynamics. Latest knowledge of NLO
nuclear parton distributions (nPDFs) is utilized. Identifying the key parameters and charting the
uncertainties of the model, we obtain an encouragingly good agreement with the charged-particle
multiplicities and identified bulk hadron p_T spectra measured in 5% most central Au+Au collisions
at RHIC and Pb+Pb at the LHC [1].

To obtain the initial QGP energy-density profiles dynamically in non-central collisions [2], we sup-
plement the calculation by a local saturation condition and impact-parameter dependent nPDFs
(EPS09s [4]). We address the main uncertainties associated with the obtained initial states. Using
viscous fluid dynamics, we show that a good simultaneous description of the centrality dependence
of multiplicity, p_T spectra and elliptic flow is obtained both at the LHC and RHIC.

Ref. [1]
R. Paatelainen, K.J. Eskola, H. Holopainen and K. Tuominen
Phys. Rev. C87 (2012) 044904.

Ref. [2]
R. Paatelainen, K.J. Eskola, and H. Niemi, work in progress.

Ref. [3]
KJ. Eskola, K. Kajantie, P.V. Ruuskanen, K. Tuominen,
Nuc. Phys. B570 (2000) 379.

Ref. [4]
I. Helenius, K.J. Eskola, H. Honkanen and C.A. Salgado,
JHEP 1207 (2012) 073.
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Keywords:

initial state, QGP

Initial State and Proton-Nucleus Collision Phenomena / 64

PHENIX Results on Heavy Flavor at Low-x

Author: J. Matthew Durham’

! Los Alamos National Lab
Corresponding Author: durham@lanl.gov

It is becoming increasingly clear that initial state effects inherent to collisions of nuclei play an
important role in the interpretation of data from heavy ion collisions at RHIC and the LHC. Such
effects are more apparent in kinematic regions where the gluon density is expected to be significantly
modified in the nucleus. The PHENIX experiment has studied these effects through the production
of heavy quarks at backwards, middle, and forward rapidity, where partonic interactions in the
nucleus and changes in the gluon structure function influence heavy quark production in different
ways. Comparisons between these different rapidities in d+Au collisions offer us a window into the
dynamics of particle production and transport in the nucleus. In this talk, new PHENIX results on

heavy quark production at low x values will be discussed, in the context of A+A data from RHIC and
the LHC.

Jet Quenching and Observables / 67

Measurement of jet fragmentation functions and shapes in PbPb
collisions at sqrt(sNN)=2.76TeV with CMS

Author: Yaxian MAO'

! Vanderbilt University
Corresponding Author: yaxian.mao@vanderbilt.edu

We present measurements of the jet fragmentation functions and transverse momentum profiles
(shapes) in PbPb collisions at 2.76 TeV per nucleon-pair center of mass energy with the CMS detector.
Jets are reconstructed by the anti-kT sequential clustering algorithm with a resolution parameter of
0.3, using particle-flow objects that combine tracking and calorimetric information. In this talk the
jet properties of inclusive jets with transverse momentum pT > 100 GeV/c in PbPb collisions are
measured for reconstructed charged particles with pT > 1 GeV/c in a cone of radius sqrt((A ¢)*2
+ (A n)*2)=0.3 around the jet axis. A data sample of PbPb collisions collected in 2011 at a center-
of-mass energy of sqrt{sNN}= 2.76 TeV corresponding to an integrated luminosity of 150 pb”-1 is
used. The results for PbPb collisions as a function of collision centrality are compared to reference
distributions based on the full 2013 pp statistics collected at the same collision energy. Centrality-
dependent modifications of the fragmentation functions and shapes are revealed.

Initial State and Proton-Nucleus Collision Phenomena / 68

Study of dijet momentum balance and pseudorapidity distribu-
tions in pPb collisions at sqrt{sNN} = 5.02 TeV with CMS
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Authors: Doga Gulhan'; Sergey Petrushanko®

! Massachusetts Institute of Technology

2 Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University
Corresponding Authors: sergeant@mail.cern.ch, dgulhan@mit.edu

Results on dijet production in pPb collisions at a nucleon-nucleon center-of-mass energy of 5.02 TeV
are presented. Jets are reconstructed with the anti-kT algorithm, using combined information from
tracking and calorimetry. The dijet momentum balance, azimuthal angle correlations and pseudora-
pidity distributions are studied as a function of forward calorimeter transverse energy and compared
to results from PYTHIA reference calculations representing pp collisions. For pPb collisions, the dijet
momentum ratio pT,2/pT,1 and the width of the azimuthal angle difference distribution is remarkably
insensitive to the forward activity of the collision, and comparable to the same quantity obtained
from the simulated pp reference. The pseudorapidity of the dijet system changes monotonically with
increasing forward calorimeter activity.

High Transverse Momentum Light and Heavy Flavor Hadrons / 69

Measurement of b-jet fraction and nuclear modification factors
in PbPDb collisions at sqrt{sNN}= 2.76 TeV with CMS

Author: Kurt Jung'

' Purdue University
Corresponding Author: jung68@purdue.edu

Modification to jets in high-energy heavy-ion collisions is expected to depend on the flavor of the
fragmenting parton. To disentangle this flavor dependence, jets from heavy quark fragmentation are
identified in heavy ion collisions. Jets are first tagged by their secondary vertices and the contribu-
tion from bottom quarks is extracted using template fits to their secondary vertex mass distributions.
The bottom quark jet to inclusive jet ratio is measured with the CMS detector from PbPb and pp col-
lisions at a center-of-mass energy of 2.76 TeV per nucleon. In this talk, the inclusive b-jet fraction
and nuclear modification functions measured in the range of 60 < jet pT < 200 GeV/c, using full 2011
PbPb and 2013 pp data collected at sqrt{s}=2.76 TeV are presented.

Hard and Thermal Electroweak Probes / 71

Isolated photon measurements in pp and PbPb collisions with
CMS

Authors: Richard Barbieri'; Sergey Petrushanko®

! Massachusetts Institute of Technology

? Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University
Corresponding Authors: sergeant@mail.cern.ch, luck@mit.edu

We report new measurements using isolated photons based on the high statistics 2.76 TeV pp ref-
erence data collected in 2013. The nuclear modification factors of reconstructed isolated photons,
obtained by the comparison of heavy ion collisions and pp data, are presented and provide useful
constraints to the nuclear parton distribution functions. For events containing an high pT isolated
photon with an associated jet, the photon+jet pT imbalance is studied as a function of collision cen-
trality and compared to pp data and model calculations. These measurements allow an unbiased
characterization of the in-medium parton energy loss.
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Initial State and Proton-Nucleus Collision Phenomena / 72

Transverse momentum and pseudorapidity dependence of charged
particle production and nuclear modification factor in pPb colli-
sions at sqrt(sNN)=5.02 TeV with CMS

Authors: Krisztian Krajczar'; Sergey Petrushanko®

' CERN

2 Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University
Corresponding Authors: sergeant@mail.cern.ch, krisztian krajczar@cern.ch

The charged particle transverse momentum (pT) spectra at midrapidity and forward pseudorapidity
ranges up to pT=100 GeV/c are presented for pPb collisions at sqrt(sNN)=5.02 TeV. The nuclear mod-
ification factor (RpPb) is measured at midrapidity by dividing the measured pPb spectrum by a pp
reference spectrum constructed using interpolation methods. In addition, the asymmetries in the
charge particle yields between equivalent positive and negative pseudorapidity ranges in both the
laboratory and center-of-mass frames are presented as a function of pT.

Hard and Thermal Electroweak Probes / 74

Production of W and Z bosons in heavy-ion collisions with CMS

Authors: Alice FLORENT'; Sergey Petrushanko®

'LLR

% Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University
Corresponding Authors: sergeant@mail.cern.ch, alice.florent@cern.ch

The Compact Muon Solenoid (CMS) is fully equipped to measure leptonic decays of electroweak
probes in the high multiplicity environment of nucleus-nucleus collisions. Electroweak boson pro-
duction is an important benchmark process at hadron colliders. Precise measurements of W and
Z production in heavy-ion collisions can help to constrain nuclear PDFs as well as serve as a stan-
dard candle of the initial state in PbPb collisions at the LHC energies. The inclusive and differential
measurements of the Z boson yield in the muon decay channel will be presented, establishing that
no modification is observed with respect to next-to-leading order pQCD calculations, scaled by the
number of incoherent nucleon-nucleon collisions. Measurements of the yield of W bosons decaying
into a muon and an (anti)neutrino as a function of centrality, and the W charge asymmetry as a
function of rapidity show no modifications beyond the expected effect of isospin when compared to
pp collisions and the status of the corresponding analyses on pPb collisions will be given.

Heavy Flavor Production and Quarkonia / 76

Bottomonium production in pp, pPb, and PbPb collisions with
CMS

Authors: Dong Ho Moon'; Sergey Petrushanko®

! University of Illinois at Chicago

% Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University
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Corresponding Authors: sergeant@mail.cern.ch, dhmoon@uic.edu

The three Y states (1S, 2S, 3S) were measured separately using the Compact Muon Solenoid (CMS) ex-
perimental apparatus via their dimuon decays in pp and pPb collisions, in the rapidity range |y|<1.9
in the centre-of-mass of the collision. The datasets used in the analysis correspond to recorded inte-
grated luminosities of about 31/nb (pPb) and 5.1/pb (pp), collected in 2013 by the CMS experiment at
the LHC, at a centre-of-mass energy per nucleon-nucleon pair of 5.02 TeV and 2.76 TeV respectively.
Results of the production ratios of the excited states, Y(2S) and Y(3S), with respect to the ground
state Y(1S) will be presented in the context of the PbPb results.

High Transverse Momentum Light and Heavy Flavor Hadrons / 80

Measurements of Open Heavy Flavor Hadrons in STAR Experi-
ment

Author: Zhenyu Ye!

! University of Illinois at Chicago
Corresponding Author: yezhenyu2003@gmail.com

Heavy flavor quarks are dominantly produced in the initial hard interactions in high energy heavy
ion collisions at the Relativistic Heavy Ion Collider (RHIC). Their interaction with QCD medium
is sensitive to the medium dynamics. Thus heavy flavor quarks are suggested as an ideal probe to
study the properties of the hot and dense nuclear matter created at RHIC. In this talk, we will present
recent open heavy flavor measurements by the STAR experiment through both hadronic and semi-
leptonic decay channels. We will

discuss results of open charm meson and non-photonic electron production cross section measure-
ments in proton-proton and Au+Au collisions at sqrtsyN = 200 GeV. We will also present mea-
surements of open charm mesons in proton-proton collisions at sqrts = 500 GeV and the first result
in uranium-uranium collisions at sqrtsyy = 193 GeV. Finally we will describe the ongoing Heavy
Flavor Tracker and Muon Telescope Detector upgrade projects and their anticipated physics reach
in the coming years.

Keywords:

Heavy Flavor, Open Charm Meson, Non-Photonic Electron, STAR Experiment

Heavy Flavor Production and Quarkonia / 81

PHENIX charmonia: what have we learned?

Author: Anthony Frawley'

! Forida State University

Corresponding Author: afrawley@fsu.edu

PHENIX has good quality measurements from Au+Au, Cu+Cu, p+p and d+Au collisions, and the
analysis of data from Cu+Au and U+U collisions is nearing completion. The analysis of charmonium
data from the 2008 d+Au run has recently been completed, and this talk will focus on what we
have learned from the d+Au data about the mechanisms that modify charmonium production in a
nucleus.

The d+Au charmonium data from PHENIX consist of 1) J/psi modification versus centrality across
the full PHENIX rapidity range, and 2) psi’ data at midrapidity only. Both show unexpected features.
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The J/psi modification at forward rapidity requires a stronger than linear dependence of suppression
on nuclear thickness, while the psi’ suppression for central collisions is unexpectedly stronger than
that for the J/psi. There will be a discussion of the implications of the rapidity dependence and of the
centrality dependence, and also of why we believe that the centrality measurement is reliable.

It has long been assumed that that p(d)+A data provide the baseline for measuring hot nuclear matter
effects in A+A collisions by isolating the “cold nuclear matter” effects. However recent results from
p+Pb at the LHC and d+Au at RHIC show correlations of soft particles across large rapidity gaps
that are consistent with flow. This raises the possibility that there are hot matter effects in d+Au
collisions that may affect charmonium production, and evidence for and against

this will be discussed.

Jet Quenching and Observables / 82

Probabilistic picture for in-medium jet evolution

Authors: Edmond Iancu!; Fabio Dominguezlg Jean-Paul Blaizot'; Yacine Mehtar-Tani'

U IPhT Saclay
Corresponding Author: yacine.mehtar-tani@cea.fr

We study the evolution of a high energy jet triggered by its interactions with a dense QCD medium.
We show that the relatively components of the jet which propagate at large angles can be described as
the products of a classical branching process, in which successive branchings proceed independently
from each other. This exploits the fact that the in-medium rescattering is very efficient in destroying
the color coherence between the soft emitted partons: this coherence is washed out already during
the branching process, that is, over time scales which are much shorter than the size L of the medium.
This allows us to construct a master equation for the generating functional encoding all the intra-jet
multi-parton distributions (that is, the distributions in energies and in angles).

The ‘jet quenching parameter’ §, which is the only medium-dependent parameter in this description,
receives large radiative corrections from a different type of radiation — namely, from hard gluon
emissions which are triggered by a single scattering in the medium and occur on time scales much
shorter than the typical branching time alluded to above.These radiative corrections, enhanced by
a double logarithm «, log?(LT') with T the temperature of the medium, are strongly ordered and
overlapping in formation time. We show that these coherent branchings can be absorbed into a
renormalization of the jet quenching parameter without spoiling the probabilistic picture mentioned
above and which involves only incoherent branchings.

arXiv:1209.4585 [hep-ph] JHEP 1301 (2013) 143
arXiv:1307.xxxx [hep-ph] In preparation

Initial State and Proton-Nucleus Collision Phenomena / 83

Azimuthal anisotropy v_2 in U+U collisions at STAR

Authors: Hui Wangl; Paul Sorensen?

! Brookhaven National Lab
2 BNL

Corresponding Authors: wanghui6@bnl.gov, prsorensen@bnl.gov
The azimuthal anisotropy of particle production is commonly used in high-energy nuclear collisions

to study the early evolution of the expanding system. The prolate shape of uranium nuclei provides
the possibility to study how the initial geometry of the nuclei affects the azimuthal distributions.
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It also provides a unique opportunity to understand the initial condition for particle production at
mid-rapidity in heavy ion collisions.

In this talk, the two- and four- particle cumulant, v2(v22 and v24), from U+U collisions at \/syy =
193 GeV and Au+Au collisions at /sy = 200 GeV for inclusive charged hadrons will be presented.
The STAR Zero Degree Calorimeters resolution allows to further separate more central collisions
within 0-1% centrality bin. Differences were observed between the multiplicity dependence of v,2
for most central Au+Au and U+U collisions. The observed v22 slope results were compared to Monte
Carlo Glauber model predictions and it was seen that this model cannot explain the present results
on the multiplicity dependence of v22 in central collisions.

High Transverse Momentum Light and Heavy Flavor Hadrons / 84

Detail study of the medium created in Au+Au collisions with high
pT probes by the PHENIX experiment at RHIC

Author: Takao Sakaguchi'

! Brookhaven National Laboratory

Corresponding Author: takao@bnl.gov

PHENIX has been measuring high pT identified hadrons such as pi0 or eta since the beginning of
the RHIC running. These measurements along with the baseline direct photon measurement led
to the discovery of parton energy loss, a final state interaction with a medium, the quark-gluon
plasma.

After accumulation of additional statistics in recent RHIC Au+Au runs, we were able to not only
reduce uncertainties of golden channel measurements (e.g. pT spectra), but also extend the degree
of freedom, such as the yield versus emission angle w.r.t event planes.

Detailed analysis of these measurements provided us deeper insight of the characteristics of the
quark-gluon plasma. We have studied the average fractional energy loss (dE/E) of hadrons, as well
as the path-length dependence of the energy loss. We have also measured higher order harmonic
flows of high pT hadrons that would improve understanding of the medium from hydrodynamic
point of view.

In this presentation, the recent high pT hadron results obtained by the PHENIX experiment will be
shown, and the physics learned from the results will be discussed in detail.

High Transverse Momentum Light and Heavy Flavor Hadrons / 85

Heavy quark quenching and elliptic flow from RHIC to LHC: can
the experimental results be understood by pQCD?

Authors: Joerg Aichelin'; Pol Gossiaux®

Co-authors: Klaus Werner ?; Marlene Nahrgang *

! SUBATECH
% subatech

* Duke University

Corresponding Author: aichelin@subatech.in2p3.fr

Recently, we have proposed a microscopic approach for the quenching and thermalisation of heavy
quarks (HQ) in URHIC
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\cite{Gossiaux:2008,Gossiaux:2009,Gossiaux:2010,Gossiaux:2011}, assuming that they interact with
light partons through both elastic and radiative processes evaluated by resorting to some parame-
terization of the running coupling constant, while those partons are spatially distributed along the
hydrodynamical evolution of the hot medium. This approach is able to

explain successfully several observables measured at RHIC and LHC, such as the nuclear modifica-
tion factor and the elliptic flow of open heavy flavor mesons and non-photonic single electrons. The
diffusion coefficient of heavy quarks in the quark gluon plasma — a fundamental property of this
state of matter — can thus be extracted and compared with recent lattice calculations.

In this contribution, we provide a general overview of our MC@HQ event generator which can
presently be coupled

to the hydrodynamical evolution of the plasma as realized by the KOLb-Heinz approach or by the
EPOS model. We discuss the influence of the different hydrodynamical evolution on the predictions
for heavy mesons. We confront the results of our model for D and B mesons as well as for the
lepton production in URHIC with experimental results obtained so far by the various collaborations
at RHIC and LHC. Perspectives for future observables like correlations will be proposed.

%
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Initial State and Proton-Nucleus Collision Phenomena / 86

Dihadron azimuthal correlations at large pseudo-rapidity differ-
ence in multiplicity-selected d+Au collisions by STAR

Author: Fugiang Wang'

! Purdue University

Corresponding Author: fqwang@purdue.edu

A long-range pseudo-rapidity correlation is unexpectedly observed in pp
and p+PDb collisions at the LHC after a uniform background subtraction.

It is called the “ridge,” in analogy to the similar phenomenon in heavy-ion
collisions after subtraction of an elliptic-flow-modulated background.

The heavy-ion ridge has been attributed primarily to triangular anisotropy,
resulting from initial geometry fluctuations and subsequent hydrodynamical
evolution. The question arises whether the pp/p+Pb ridge is of similar origin,
which would be surprising in the small collision systems of pp and p+Pb.
Another physics mechanism, the color glass condensate, is also proposed as
an explanation for the correlated production of dihadrons forming the ridge.

PHENIX showed, following the method by ALICE and ATLAS, that the
difference of dihadron correlations between central and peripheral
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collisions can be mostly described by a second harmonic. While it is an

open question how much jet contribution remains in the PHENIX result in
their limited acceptance, the complementarity between LHC and RHIC can
be potentially powerful to distinguish the proposed ridge production
mechanisms. In this talk, we present STAR results of dihadron correlations
in d+Au collisions as a function of multiplicity, with the large acceptance

of |\Delta\eta|<2 by the STAR’s Time Projection Chamber (TPC). We also
present dihadron correlations using STAR’s mid-rapidity TPC and forward TPC,
with a [\Delta\eta| coverage of 1.8-4.8. We examine the \Delta\eta dependence
of the correlations as well as the difference in the correlations between
central and peripheral collisions. We discuss our results in the context

of the LHC and PHENIX data.

High Transverse Momentum Light and Heavy Flavor Hadrons / 87

Heavy-quark azimuthal correlations in heavy-ion collisions

Author: Marlene Nahrgang'

Co-authors: Joerg Aichelin 2. Klaus Werner '; Pol Gossiaux *

! SUBATECH, Nantes
2 SUBATECH

Corresponding Authors: nahrgang@subatech.in2p3.fr, polgossiaux@gmail.com

Besides the traditional heavy-quark observables, like the nuclear modification factor and the elliptic
flow, azimuthal correlations of heavy quarks and antiquarks have the potential to give new insight
into the interactions with the medium.

Due to the scatterings with the light medium constituents heavy quarks and antiquarks are deflected
from their original direction and the initial correlation of the pair is broadened.

We investigate this effect for different transverse momentum classes and find that low-momentum
heavy-quark pairs lose their leading order back-to-back initial correlation, while a significant resid-
ual correlation survives at large

momenta.

In the study of two different energy loss scenarios, purely collisional and collisional plus radiative
corrections, which both describe the nuclear modification factor and the elliptic flow, we observe
that the purely collisional energy loss is more efficient in broadening the initial correlations.

This discriminatory feature survives when next-to-leading order production processes are included
and offers a fascinating possibility to distinguish the different contributions, collisional and radia-
tive, to the heavy-quark in-medium energy loss once experimental results on azimuthal correlations
will be available.

Initial State and Proton-Nucleus Collision Phenomena / 88

The Initial Flow of Gluon Fields and Its Implications for Heavy
Ion Collisions

Author: Rainer Fries'

Co-author: Guangyao Chen '

! Texas A&M University

Corresponding Author: rjfries@comp.tamu.edu
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We calculate the energy flow of the quasi-classical gluon field at early times in high energy nuclear
collisions. We argue that the transverse flow has a rapidity-even component that is similar to col-
lective flow in a fluid and emerges from the QCD analog of Farady’s and Ampere’s Law, and it has a
rapidity-odd component that can be understood from Gauss’ Law for gluon fields. While the former
leads to the usual radial and elliptic flow phenomena, the rapidity-odd flow term implies directed
flow and leads to characteristic flow patterns in asymmetric systems like Cu+Au. A comprehensive
study of these unique flow phenomena could lead to novel signatures of color glass. We also discuss
a method to calculate initial conditions for a further viscous hydrodynamic evolution from the full
energy momentum tensor of the gluon field. This allows us to calculate the phenomenological con-
sequences of the initial gluon field flow. In particular, we show that color glass predicts a rotation
of the fireball around the impact vector axis.

Keywords:

Initial State, Color Glass Condensate, Collective Flow

Initial State and Proton-Nucleus Collision Phenomena / 89

Dynamics of strongly interacting parton-hadron matter

Author: Wolfgang Cassing’
! Uni. Giessen

We study the the non-equilibrium dynamics of heavy-ion

collisions from SIS to LHC energies within the Parton-Hadron-String
Dynamics (PHSD) transport approach, which incorporates explicit
partonic degrees of freedom in terms of strongly interacting
quasiparticles (quarks and gluons) in line with an equation of state
from lattice QCD as well as the dynamical hadronization and hadronic
collision dynamics in the final reaction phase.

We investigate also the equilibrium properties of strongly-interacting
infinite parton-hadron matter: the equilibration of different
observables on light and strange sector and their fluctuations

and also transport coefficients, such as shear and bulk viscosity,
electric and heat conductivity are presented.

Heavy Flavor Production and Quarkonia / 90

Lattice calculation of the heavy quark potential at T>0
Author: Peter Petreczky'
Co-author: Alexei Bazavov '
' BNL
Corresponding Author: petreczk@bnl.gov
I discuss new results on the extraction of the heavy
quark anti-quark potential at non-zero temperature from lattice
QCD. Calculations have been performed using Highly Improved Staggered

Quark action on lattices with temporal extent Nt=6, 8 and 12. The potential is
extracted from the temporal Wilson loops,
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largely extending the first preliminary calculations using
Nt=6 lattices [1]. Implications of the findings for
the quarkonium spectral function will be discussed.

[1] A. Bazavov and P. Petreczky, Nucl. Phys. A904-905 (2013) 599¢

Keywords:

Potential at T>0, quarkonium spectral functions, lattice QCD

High Transverse Momentum Light and Heavy Flavor Hadrons / 93

Identified particle production in sqrt(sNN)=2.76 TeV pp and Pb-
Pb collisions with ALICE at the LHC

Author: Antonio Ortiz Velasquez'

! Div. of Particle Physics, Lund University, Sweden
Corresponding Author: antonio.ortiz_velasquez@hep.lu.se

ALICE has unique capabilities among the LHC experiments for particle identification (PID) at mid-
rapidity over a wide range of transverse momentum (pr). For pr between ~ 100 MeV/c up to 3-4
GeV/c (anti)protons, charged pions and kaons can be separated through the measurement of the spe-
cific energy loss (dF/dz) in gas (silicon) with TPC (ITS) and time of flight (TOF). The identification
can be extended to higher pr by

using a Cherenkov detector (HMPID). For 3 < pr < 20 GeV/c, statistical PID is possible thanks to
the relativistic rise of the dF/dx in the TPC.

In this talk results on the transverse momentum distributions (~ 0.3 < pr < 20 GeV/c) of charged
pions, kaons and (anti) protons, measured in pp and Pb —Pb collisions at /syy = 2.76 TeV, will be
presented. The evolution of the particle ratios and the nuclear modification factor with the collision
centrality will be presented. The comparison of the results with recombination and hydrodynamic
models will be shown.

Initial State and Proton-Nucleus Collision Phenomena / 95

Minijet analysis in pA collisions with ALICE Experiment at LHC

Author: Emilia Leogrande’

! University of Utrecht
Corresponding Author: emilia.leogrande@cern.ch

At LHC energies, several pairs of partons can collide in each pp, p-A or A-A collision. Multiple
Parton Interactions (MPI) can affect many physical observables, such as the charged particle multi-
plicity and the average transverse momentum per event.

In order to include jets down to the lowest energies ("minijets”), a two-particle correlation analysis is
performed with the ALICE Experiment. The correlation is expressed as associated yield per trigger
particle and allows to extract the number of uncorrelated seed particles which is proportional to the
number of MPL

The quantities are presented for different multiplicity estimators and in different collision systems.
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Initial State and Proton-Nucleus Collision Phenomena / 96

Two-particle correlations in pp, p-Pb and Pb-Pb collisions mea-
sured in ALICE

Author: Tim Schuster!

! Yale University
Corresponding Author: tim.schuster@cern.ch

Two-particle correlation stud