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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 and the future Electron-Ion Collider experiments 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) Chiral and trace anomalies in Deeply Virtual Compton Scattering

Y. Hatta, S. Bhattacharya and a collaborator discovered novel ‘anomaly poles’ in QCD Compton scattering. These are poles 1/t in
momentum transfer t in off-forward scattering and are manifestations of the underlying QCD chiral and trace anomalies. Their work
provides novel perspectives on the generalized parton distributions (GPDs) important for the tomographic study of the nucleon.

(2) Gravitational form factors of atomic nuclei
Y. Hatta and collaborators computed the gravitational form factors of various nuclei in the Skyrme model. They computed the

D-term form factors, mass radius, scalar radius, tensor radius as well as the pressure distribution of these nuclei. Interestingly, the
pressure in the core region of nuclei is found to be negative, suggesting a different mechanism to achieve stability compared to
nucleons.

(3) Viscosities of the Baryon-Rich Quark-Gluon Plasma from Beam Energy Scan Data
C. Shen and collaborators perform the first Bayesian analysis of the RHIC Beam Energy Scan data using event-by-event (3 + 1)D

multi-stage hybrid simulations. This work marked the first milestone of quantitative constraining the Quark-Gluon Plasma properties
at finite baryon density.

(4) Multi-scale Imaging of Nuclear Deformation at the Electron-Ion Collider
C. Shen and collaborators demonstrate that exclusive vector meson production at high energy is sensitive to the geometric deforma-

tion of the target nucleus at multiple length scales within the Color Glass Condensate framework. This work shows that |t|-differential
diffractive vector meson production could become a powerful tool, enabling the most direct measurements of nuclear structure at
different length scales, ranging from nuclear deformation at low |t| to nucleon- and subnucleon-size scales at higher |t|.

(5) Unveiling the dynamics of nucleosynthesis in relativistic heavy-ion collisions
C. Shen and collaborators develop a comprehensive kinetic approach to study the effects of hadronic re-scatterings, such as

πNN ↔ πd and πNNN ↔ π + 3H(3He), on d, 3H, and 3He production in these collisions. This advancement helps resolve the
overestimation of triton production in the statistical hadronization model and provides the evidence for hadronic re-scattering effects
on nucleosynthesis in relativistic heavy-ion collisions.

(6) Energy loss of a fast moving parton in Gribov-Zwanziger plasma:
M. Kurian and collaborators employed the Gribov-Zwanziger prescription for the first time in the analysis of parton energy loss

in the QCD medium. Their findings demonstrate that the momentum evolution of energetic partons is profoundly influenced by
non-perturbative effects, which in turn significantly impact the phenomenological quantities related to energy loss.

(7) Open charm phenomenology with a multi-stage approach to relativistic heavy-ion collisions:
M. Kurian and collaborators investigated the phenomenological aspects of heavy quarks in the context of relativistic heavy-ion

collisions. Utilizing for the first time IP-Glasma fluctuating initial states and hydrodynamics tuned to a global Bayesian analysis, they
showed that the observables associated with heavy flavor are strongly influenced by the fluctuating initial state and bulk evolution.

(8) Probing quark orbital angular momentum at EIC and EicC:
S. Bhattacharya and collaborators proposed to extract quark orbital angular momentum (OAM) through exclusive π0 production

in electron-(longitudinally-polarized) proton collisions. Their analysis demonstrated that the sin 2ϕ azimuthal angular correlation
between the transverse momentum of the scattered electron and the recoil proton is a sensitive probe of quark OAM. This study aims
to pave the way for the first measurement of quark OAM in relation to the Jaffe-Manohar spin sum rule.
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(9) Generalized Parton Distributions from Lattice QCD with Asymmetric Momentum Transfer: Axial-vector case:
S. Bhattacharya and collaborators introduced a novel approach involving the adoption of a Lorentz covariant parameterization

for the matrix elements, introducing Lorentz-invariant amplitudes. This approach allowed for the proposal of an alternative definition
of quasi-GPDs, ensuring frame independence and potentially reducing power corrections in matching to light-cone GPDs. They
employed this parameterization to compute the axial-vector GPD for the first time from an asymmetric frame at zero skewness.

(10) Breakdown of collinear factorization in the exclusive photoproduction of a πγ pair
J. Schoenleber and collaborators studied the exclusive photoproduction of a πγ pair with large invariant mass, which is sensitive

to the exchange of either two quarks or two gluons in the t-channel. It is shown that the process involving two-gluon exchanges does
not factorize in the Bjorken limit at the leading twist. This can be explicitly demonstrated by the fact that there exist diagrams, which
contribute at the leading twist, for which Glauber gluons remain trapped.

(11) Renormalons and power corrections in pseudo- and quasi-GPDs
High-order behavior of the perturbative expansion for short-distance observables in QCD is intimately related to the contributions

of small momenta in the corresponding Feynman diagrams and this correspondence provides one with a useful tool to investigate power
suppressed nonperturbative corrections. Schoenleber and collaborators used this technique to study the structure of power corrections
to parton quasi- and pseudo-GPDs which are used in lattice calculations of generalized parton distributions. As the main result, the
functional dependence of the leading power corrections to quasi(pseudo)-GPDs on x variable for nonzero skewedness parameter is
predicted.
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