
Nuclear Physics

Nuclear physicists at OSU study a broad range of problems involving the strong interaction. This
research includes the direct study of quantum chromodynamics (QCD), the relativistic field theory of quarks
and gluons, the connection of QCD to e↵ective theories at low energies, and the manifestation of QCD in
the highly compressed and excited nuclear matter created in relativistic heavy-ion collisions.

 
E↵ective field theory (EFT) and renormalization group (RG) methods are used by group members to

quantitatively explain how low-energy nuclear phenomenology emerges from QCD. These methods enable
systematic and model-independent calculations with error estimates, using control over the degrees of freedom
to optimize convergence.

At very high densities and temperatures, QCD predicts that strongly interacting matter turns into a
quark-gluon plasma (QGP). This QGP can be created in relativistic heavy-ion collisions, and group members
are among the leaders in developing theoretical descriptions for the creation, thermalization, and collective
dynamical evolution of the QGP and in exploring the phase structure of QCD matter.

With our experimental program OSU plays a leading role in large experimental e↵orts at the Relativistic
Heavy Ion Collider (RHIC) at Brookhaven National Laboratory and the Large Hadron Collider (LHC) at
CERN. At RHIC, the primary focus of our program has recently been on the Beam Energy Scan (BES)
with the STAR experiment. In the BES, we progressively reduce the collision energy to probe the transition
region between color-confined and -deconfined matter, i.e. between the hadronic gas and the QGP. Such
an approach has been termed “partonic condensed matter physics.” We have published both formal and
experimental studies of two-particle intensity interferometry (so-called “HBT”) measurements probing the
space-time geometry of the source. Recently, we announced the discovery of global polarization of ⇤ baryons
in nuclear collisions. Treating the QGP as a hydrodynamic system (a paradigm that has been strongly
validated through other measurements), this establishes the QGP as the “most vortical fluid” in the universe.

At the LHC, the physics emphasis of our experimental program is carrying out two-particle femtoscopic
correlation studies of high-energy proton-proton and Pb-Pb collisions in the ALICE experiment. Our present
analyses involve ⇡-⇡ and K0
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and ⇤-K correlations in LHC Pb-Pb collisions. In addition to space-time information on the emission
region, these studies yield measurements of previously unexplored scattering parameters from the final-state
interaction of the correlated particles themselves. These measurements can be used to test Standard Model
and QCD predictions about the existence of Quarkyonic Matter and tetraquark states. Complementing our
experimental studies, we have published Monte Carlo model studies to understand our experimental findings.

In high-energy proton or nuclear collisions, the density of gluons is very high and is predicted to reach an
interesting new regime called parton saturation. The OSU group is highly active in plans for an Electron-Ion
Collider (EIC) to discover this phenomenon, and to explore how the proton spin is distributed among its
quarks and gluons.

Group members frequently interact with other Ohio State faculty, including members of the Particle
Physics, Astrophysics, Condensed Matter, and Physics Education Research groups.
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Prof. Richard Furnstahl
The physics of the atomic nucleus — in which not only quantum chromodynamics but all of the standard
model plays a part — gives rise to a tower of emergent phenomena at di↵erent resolution scales. Histori-
cally, describing these phenomena microscopically has been limited to good empirical models. But dramatic
advances in theoretical methods applied to nuclear structure and reactions are enabling new confrontations
of microscopic calculations with data from present experiments and astronomical observations, as well as
with forthcoming results from the Facility for Rare Isotope Beams (FRIB) and other planned facilities. This
science includes explorations to the limits of nuclear existence, the physics of neutron stars and the origin
of heavy elements, and studies of fundamental symmetries and neutrinos. My research group contributes to
these advances by developing and applying theoretical tools for nuclear many-body theory such as e↵ective
field theory (EFT) and the renormalization group. A recent thrust is to apply Bayesian methods to EFT
expansions to develop systematic and validated theoretical error bands for nuclear observables and to enable
model selection among competing formulations. My funding is from the NSF and the DOE, where I am
a co-PI and Council member in the SciDAC-4 NUCLEI-2 project (previously a co-PI in the UNEDF and
NUCLEI SciDAC-2 and -3 projects; see computingnuclei.org). I am active in the low-energy nuclear physics
community, currently as Director of the TALENT educational initiative (see nucleartalent.org) and as an
Executive Board member of the FRIB Theory Alliance (see fribtheoryalliance.org).

Prof. Ulrich Heinz
My research provides theoretical support and guidance for the heavy-ion collision programs at RHIC and
LHC. It focusses on understanding the dynamical evolution and final decay into experimentally measurable
particles of quark-gluon plasma (QGP) droplets made in relativistic heavy-ion collisions. My group has been
instrumental in establishing the almost perfect fluidity of this extreme state of matter, and our recent work
has focussed on understanding the origins of this striking property. Using the relativistic Boltzmann equation
as a toy model for the microscopic evolution of QGP, we have developed di↵erent approximation schemes for
deriving macroscopic dissipative fluid dynamics for the explosively expanding medium, and systematically
checked their precision by comparing them with exact solutions for the microscopic dynamics. One of these
approaches, viscous anisotropic hydrodynamics (vaHydro) developed at OSU, outperforms all other existing
hydrodynamic approaches under the particular dynamical conditions encountered in relativistic heavy-ion
collisions. We are now in the process of turning vaHydro into a fully (3+1)-dimensional numerical model for
relativistic heavy-ion collision dynamics, supplemented by pre-hydrodynamic non-equilibrium evolution for
the early stage and a microscopic hadronic rescattering cascade for the late freeze-out stage of the fireball
expansion. Using recently developed advanced Bayesian statistical methods, this hybrid evolution model
will be used to perform a global fit of the large sets of experimental data collected at the RHIC and LHC
heavy-ion collider facilities, in order to extract the medium properties of QGP (equation of state, isotropiza-
tion and thermalization rates, and transport coe�cients) with high precision and quantified uncertainties.

Prof. Thomas Humanic
My research involves experimental high-energy proton-proton and heavy-ion collisions in the ALICE ex-
periment at the CERN LHC. My physics emphasis on this project is carrying out two-particle femtoscopic
correlation studies of the ALICE data to extract space-time information on these collisions, as well as extract-
ing scattering parameter information from the final-state interaction of the correlated particles themselves.
From this information, Quantum Chromodynamics and the Standard Model can be tested, two examples of
which being the QCD prediction that such collisions may create a new phase of matter called Quark Matter
and whether low-lying meson resonances are actually tetraquark states. In addition to the experimental
studies, I have also carried out and published Monte Carlo model studies in an e↵ort to understand our
experimental findings. This work is currently supported by an NSF grant, my research having been contin-
uously supported by NSF since 1988. My present ALICE analyses involve ⇡� ⇡ and K
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in LHC Pb-Pb collisions. My future plan is to renew my three-year NSF grant (in collaboration with Prof.
Mike Lisa) to continue working on the ALICE experiment to take advantage of the LHC Run 3 data that
will begin in 2020.
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Prof. Sabine Jeschonnek
I teach two classes per semester (lecture and recitation for each) at the Lima Campus. These classes are
the year-long introductory physics sequences (Physics 1200, 1201, 1250, 1251). In Lima, I am a one-person
department. There is a lecturer who teaches physics labs, engineering and astronomy courses. I am in charge
of scheduling, planning, and recruiting, training, and supervising undergraduate student peer tutors. This
leaves me relatively little time for research. My traditional research area is theoretical nuclear physics. My
main interest is in the detailed description of electron scattering from light nuclei. The electron energies
are in the GeV range, relevant to experiments conducted at Je↵erson Lab in Newport News, VA. In my
research, I have maintained a close connection to experimentalists, and have worked on how best to extract
information about the ground state from exclusive scattering reactions. All the tools developed for electron
scattering on nuclei can also be applied to neutrino scattering on nuclei. This is relevant for the upcoming
next generation of precision neutrino scattering experiments, and I intend to shift some of my activity in
this direction. My research in nuclear theory is supported by NSF, I am a co-PI. In the past few years, I
have become interested in networks, in particular in spatial economic networks. I have started a new branch
of my research program investigating US state GDP fluctuations and the Great Recession using network
methods.

Prof. Yuri Kovchegov
I am a theoretical physicist working on Quantum Chromodynamics (QCD). The main component of my
research is dedicated to understanding QCD dynamics in high energy collisions, including Deep Inelastic
Scattering (ep and eA), e+e�, pp, pA and heavy ion collisions. My research uses tools of perturbative QCD
to write down equations summing up leading contributions for infinite classes of Feynman diagrams. In ad-
dition, I employ non-perturbative methods to study QCD, including the the anti-de Sitter space/Conformal
Field Theory (AdS/CFT) correspondence, which originated in string theory. The topics of my research in-
clude non-linear small-x evolution and gluon saturation, particle production and correlations in hadronic and
nuclear collisions, DIS structure functions and parton distributions, thermalization in heavy ion collisions,
nucleon structure and spin physics (including the proton spin puzzle). The Balitsky-Kovchegov equation
bears my name. My most recent work has been centered around calculation of the amount of the proton
spin originating from the quarks and gluons carrying a small fraction x of the proton momentum. This is an
unexplored corner of the quark and gluon phase space and may be a source of a large fraction of the proton
spin, possibly allowing one to resolve the long-standing spin puzzle. In addition, I have been studying parti-
cle correlations in heavy ion collisions with the aim of understanding the origin of the “ridge” phenomenon
observed in pp, pA and AA collisions. My work is important for the experimental programs at RHIC (both
heavy ions and spin), TJNAF (JLab) and LHC (CERN). In addition, I have been actively involved in mak-
ing the science case for a new collider in the US, the Electron-Ion Collider (EIC), which would allow one to
seal the discovery of gluon saturation and would provide an experimantal resolution of the proton spin puzzle.

Prof. Michael Lisa
I study the bulk properties of hot QDC matter through measurements of ultrarelativistic heavy ion collisions
at the RHIC and LHC facilities at Brookhaven National Lab and CERN, respectively. My primary focus
over the past several years has been on the Beam Energy Scan (BES) program with the STAR experiment at
RHIC. While relativistic heavy ion experiments resemble high energy particle experiments in several ways, in
the BES, we progressively reduce the collision energy to probe the transition region between color-confined
and –deconfined matter, i.e. between the hadronic gas and the quark-gluon plasma (QGP). Such an approach
has been termed “partonic condensed matter physics.” My group has published both theory/formalism and
experimental studies of two-particle intensity interferometry (so-called “HBT”) measurements probing the
space-time geometry of the source. Recently, we published the discovery of global polarization of Lambda
baryons in nuclear collisions. Treating the QGP as a hydrodynamic system (a paradigm that has been
strongly validated through other measurements), this establishes the QGP as the “most vortical fluid” in
the universe. I am project leader for the Event Plane Detector (EPD), a major upgrade detector for the
STAR experiment. The EPD provides coverage over a large region of phasespace where STAR has been
blind, and greatly expands our ability to characterize, event-by-event, the initial geometry of each collision.
Such information has proven crucial to quantitatively understand the physics of the QCD phase transition.
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