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1. Abstract
The efforts of the RBRC theory group are concentrated on the major topics of interest in High Energy Nuclear Physics, in

particular, the physics explored by the RHIC experiment at Brookhaven National Laboratory (BNL). This includes: understanding

of the Quark-Gluon Plasma (QGP); the nature of dense quark matter; the initial state in high energy collisions, the Color Glass

Condensate and its evolution to QGP through a Glasma; QCD spin physics; physics relevant to the future Electron-Ion Collider at

BNL.

2. Major Research Subjects
(1) Heavy Ion Collisions, QCD phase diagram

(2) Perturbative Quantum Chromo-Dynamics (QCD)

(3) Nucleon structure, mass and spin

3. Summary of Research Activity
(1) Phase diagram of QCD

The major goal of RHIC heavy-ion program is to map out the QCD phase diagram at finite temperature and density. Together with

a collaborator, V. Skokov has determined the precise location of the Yang-Lee edge singularity for the Ising universality class using

the functional renormalization group method and the epsilon expansion. This can be applied to the QCD phase diagram to determine

the location of the QCD critical point (which belongs to the Ising universality class) at finite chemical potential.

(2) QCD at small x
The initial condition of heavy-ion collisions at RHIC is governed by the Color Glass Condensate (CGC) which is the universal

form of matter in the high energy (small-x) limit of QCD. The RBRC scientists have made major contributions to this field, and the

efforts continue to date. V. Skokov and collaborators showed that the Bose-Einstein correlation between two small-x gluons in the

saturated environment can be experimentally probed via three-jet production in Deep Inelastic scattering. He also continued a project

with M. Li on the first saturation corrections in pA collisions. Y. Mehtar-Tani and R. Boussarie further developed their proposal for

a new semi-classical approach to gluon-mediated DIS processes. They derived a factorization formula that involves a novel gluon

transverse momentum dependent (TMD) distribution function and showed that both the DGLAP and Regge limits are recovered.

(3) Jet quenching
Jets have become an important tool to uncover the transport properties of matter created in heavy-ion collisions and the nontrivial

parton structure in the nucleon. These are important goals of the sPHENIX and EIC experiments. Y. Mehtar-Tani and collaborators

showed that transverse momentum broadening of emergetic partons in QCD media can be formulated as a super-diffusive process due

to non-local quantum corrections. This yields anomalous system size dependence of momentum broadening. They also showed that

the momentum broadening exhibits geometric scaling and heavy tails akin to Levy random walks.

(4) Resummation for jet angular distribution
Y. Hatta and collaborators continued to study the impact of soft gluon resummation on the azimuthal angular correlation of jets.

They calculated various types of angular correlation in lepton-jet production and inclusive dijet production in DIS, dijet production in

pp collisions and lepton pair production in ultraperipheral collisions. They also studied the relative strengths of angular correlations

from soft gluon resummation and the linearly polarized gluon distribution. It is shown that the former can overshadow the signal from

the latter.

(5) gT(x) contribution to single spin asymmetry
Y. Hatta and collaborators calculated the purely perturbative contribution to transverse single spin asymmetry which first arises

in two-loop perturbation theory. It has been believed for more than 40 years that such a contribution is negligible. However, they

have demonstrated that at the future Electron-Ion Collider, it can be comparable to other sources of single spin asymmetry such as

three-parton correlation functions.

(6) Hydrodynamical simulation of heavy-ion collisions
C. Shen has developed a full 3+1-dimensiional dynamical framework based on Glauber geometry with string deceleration +

hydrodynamics + hadronic transport model. This model provides good predictions for particle production in pp, pA and AA collisions

from GeV to TeV energy regions. It is an essential tool to quantify baryon stopping at the RHIC BES phas II and study the origin of

collectivity in ultra-peripheral collisions at RHIC and LHC.

(7) Signature of the gluon orbital angular momentum
Y. Hatta and collaborators proposed a novel observable for the experimental detection of the gluon orbital angular momentum that

constitutes the proton spin sum rule. They proposed to study double spin asymmetry in diffractive dijet production in DIS. A concrete
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numerical prediction is given for the kinematics of the Electron-Ion Collider.
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