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PROJECT SUMMARY

Overview:
The program detailed in the following proposal illuminates quantum chromodynamics (QCD) through
exploration of nucleon transversity and the nature of hadronization. The responding solicitation is NSF
17-561. The PI and his group will analyze data from spin-polarized p+p and p+Au collisions already
collected with the detectors of the STAR experiment at RHIC. The Lamar STAR group will study
hadronization through the multiplicities of charged pions within jets from p+p collisions at energies of
500 GeV and p+Au collisions at energies of 200 GeV. By analyzing the spin-dependent azimuthal
distributions of charged pions within jets, the so-called "Collins effect," from p+p and p+Au collisions,
investigators will probe both transversity and hadronization, including the so-called transverse
momentum dependent (TMD) fragmentation functions. The analysis will utilize infrastructure developed
by the principle investigator (PI) for previous analyses of charged pions within jets at STAR. The
program will be carried out by the PI, a postdoctoral associate, and an active group of undergraduate
researchers. The PI has carried out an active research program in STAR for several years, including being
the principal author for multiple STAR papers, serving as convener for the spin physics working group,
and currently serving as a deputy spokesperson for the collaboration.

Intellectual Merit:
Transversity is a distribution function, describing the transverse spin-polarization of quarks within the
nucleon. Its effects have been observed extensively in semi-inclusive deep-inelastic scattering (SIDIS)
experiments and recently for the first time in p+p collisions at STAR. Investigation with more precise
datasets collected at STAR will lead to tighter constraints on global transversity extractions. Moreover,
the momentum transfer range of the data collected at STAR is substantially larger than in existing SIDIS
data, deepening the understanding of how transversity and TMD functions evolve kinematically.
Transversity is also a formidable tool to deepen knowledge of QCD. Comparing Collins asymmetries
measured in p+p to those measured in SIDIS tests open questions about the factorization of TMD
perturbative QCD cross sections in p+p and the universality of TMD fragmentation functions.
 
Hadronization is the non-perturbative process by which partons, for instance, when scattered from a hard
interaction, convert into colorless hadrons and is a critical component of understanding p+p interactions.
Analysis of the multiplicities of pions within jets in p+p collisions at energies of 500 GeV will lend
tighter constraints to fragmentation functions, in particular for the gluon, which is difficult to probe
directly in SIDIS experiments. Extending multiplicity measurements to p+Au interactions provides
insight into the effects of the nuclear system on hadronization and fragmentation. Finally, extending the
Collins-effect measurements for the first time to p+Au, one gains a unique tool to probe hadronization
and potential modifications due to the nuclear system by comparing to Collins measurements from p+p
interactions.

Broader Impacts:
Lamar University is located in Southeast Texas with unique access to students from disadvantaged
populations. Quality STEM education is a powerful tool to unlock doors for these students, often first-
generation collegians, and simultaneously fulfill critical needs for the region and nation. By actively
involving Lamar University undergraduates, this program empowers otherwise disadvantaged students,
enhances the quality of STEM education at a unique institution, and serves an urgent need for the local
and broader community.
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Project Description

I. OUTLINE OF OBJECTIVES

In October 2015, the DOE/NSF Nuclear Science Advisory Committee (NSAC) released
a long-range plan [1] outlining the framework for advancing United States research programs
for the next decade. As part of the first recommendation, the long-range plan states, “The
upgraded RHIC facility provides unique capabilities that must be utilized to explore the
properties and phases of quark and gluon matter in the high temperatures of the early
universe and to explore the spin structure of the proton.” The following proposal outlines
a program consistent with the priority of the NSAC long-range plan to make use of the
RHIC facility as a unique tool to study the spin-structure of the proton and unconstrained
aspects of quantum chromodynamics (QCD).

This proposal details a program to increase knowledge of QCD through studies of the
transversity parton distribution and hadronization, the process by which quarks and gluons
convert into colorless hadrons. To this end, the principal investigator (PI) and his group
will analyze data collected from proton-proton (p+p) and proton-gold (p+Au) collisions by
the detectors of the Solenoidal Tracker at RHIC (STAR). This active analysis program will
be carried out by the PI, a postdoctoral research associate, and a team of undergraduate
researchers from Lamar University. The PI has been a member of STAR for twelve years,
serving in leadership roles as co-convener of the Spin Physics Working Group from 2014-
2017 and currently as a Deputy Spokesperson. The PI is the principal analyzer and author
for STAR’s recent paper on asymmetries in the production of jets and hadrons-within-jets at√
s = 500 GeV (Ref. [2] and discussed in Sec. IIID), as well as being a principal analyst and

author of STAR’s publication of neutral pion cross sections and asymmetries at intermediate
pseudorapidity [3]. The PI is also a principal author of the analogous

√
s = 200 GeV paper,

soon to be submitted, and has served on the writing committees for four additional STAR
papers (Refs. [4–6] and one soon to be submitted). The involvement of undergraduates
in physics research is a long and successful tradition at Lamar University and is a unique
way to prepare students for graduate school in physics and careers in STEM professions.
The PI has served as the research mentor for Suzanne Wheeler, a Lamar undergraduate
physics major, who earned a Ronald E. McNair Post-Baccalaureate Achievement Program
scholarship in 2017. This work has led her to be the first Lamar undergraduate student to
receive a guest appointment at Brookhaven National Laboratory. Suzanne is one example
of many Lamar physics majors who have earned scholarships and awards for research work,
and the proposed program fits well within the traditions of the Lamar physics department.
Additionally, it serves to enhance the quality of STEM education at Lamar University,
which has a rich history of reaching students from disadvantaged backgrounds.

The first objective is to analyze the multiplicities of charged pions within jets from p+p
collisions at

√
s = 500 GeV, collected at STAR in 2011. Jet events with low transverse

momenta, pT , are particularly sensitive to gluonic subprocesses. These data will therefore
offer new insight into hadronization by providing constraints on gluon fragmentation func-
tions, which are critical for understanding hadronic interactions in the factorized pQCD
framework. Preliminary investigation has begun, and new analysis infrastructure and sim-
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ulations will need to be generated to finalize the results. The effort will be led by the PI
with significant involvement of the undergraduate researchers. Specifically undergraduate
researchers may focus efforts on evaluating the the production and quality assessment of the
simulation sample, critical efforts which require skills in computing but not a sophisticated
knowledge of physics above the appropriate undergraduate level. Results should be finalized
in Year 2 of the grant.

The second objective is to analyze the Collins effect in the unique 200 GeV transversely
polarized p+Au dataset collected at STAR in 2015. This analysis will build extensively upon
the infrastructure developed for the 500 GeV Collins analysis, recently submitted for publi-
cation by the PI [2]. New analysis techniques are necessary due to the nuclear environment
of the 2015 data. These results may be compared with the existing Collins measurements
from STAR [2, 7] to glean insight into potential modifications of the hadronization due to
the nuclear environment. These are the only data of their kind and present a magnificent
opportunity for illuminating some of the longstanding mysteries of QCD. This effort will
be led by the postdoctoral associate under the direction of the PI and should be finalized
in Year 2 of the grant.

The third and final analysis objective is to analyze the charged pion multiplicities for
the same p + Au dataset used for the Collins analysis. Comparison to pion multiplicities
at 200 GeV from STAR’s 2012 p + p dataset (an independent analysis effort led by STAR
collaborators from the University of Kentucky) can reveal insight into hadronization and
potential modifications due to the nuclear environment. This effort will proceed in parallel
with the Collins analysis, utilizing much of the same infrastructure and resources. The anal-
ysis will be led by the postdoctoral associate under the supervision of the PI and significant
involvement of the undergraduate researchers. Undergraduates will be able to apply skills
and infrastructure developed through the first objective, e.g. simulation productions and
evaluation of detector calibrations, to the new data environment, again, without requiring
inappropriate amounts of instruction in graduate-level physics concepts. The effort should
be finalized in Year 3 of the grant.

II. RELATION TO LONGER-TERM GOALS

By developing a robust analysis program consistent with the priorities of the NSAC
long-range plan, the Lamar STAR group will be adequately prepared for longer term efforts
beyond the three years of initial funding. At the request of BNL management, in October
2015, STAR has prepared a document detailing the physics opportunities with STAR in
the years 2020 and beyond [8]. A related proposal for upgrades to STAR’s forward instru-
mentation has been submitted to BNL management in May 2017. The objectives described
above fit seamlessly with the opportunities detailed in the STAR documents. This ensures
that the PI and other Lamar STAR group are in position to play a significant role in the
long-term future of STAR, RHIC physics, and potentially into the era of the electron-ion
collider (EIC). The EIC has been identified by the NSAC long-range plan as the highest
priority for new facility construction following the completion of FRIB [1].

The PI has for several years carried out an active research program through STAR,
including being the principal author of multiple STAR papers and serving in leadership roles
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within the collaboration. The objectives detailed above will ensure that the PI continues
to compile a compelling research portfolio in time for the six-year tenure review in 2020.
Such a resume is necessary for promotion, which is critical for longer term research efforts
at Lamar University. Furthermore, the objectives provide the postdoctoral associate with
the opportunity for a robust publication portfolio, suitable for career advancement toward
a permanent position within the field. Finally, the objectives are consistent with the PI’s
goal to extend the effectiveness of Lamar University physics education. By broadening the
research opportunities available to Lamar undergraduates, the physics department will be
better equipped to provide a broad exposure to the diverse fields of study available within
physics. Since arriving at Lamar University, the PI has engaged Lamar Undergraduates,
such as Suzanne Wheeler, in STAR research through limited local funding opportunities.
The proposed program will firmly establish nuclear physics as a part of the fabric of Lamar
University.

III. RELATION TO THE PRESENT STATE OF KNOWLEDGE IN THE FIELD

A. Background: Hadronization and the Nuclear Environment

An essential piece to theoretical pQCD calculations, e.g. for the production of high-pT
hadrons, is the fragmentation function. Since these are non-perturbative elements, their
models depend critically upon experimental measurements. Fragmentation functions are
usually studied through e+e− collisions. One limitation of this technique is that gluon frag-
mentation functions can only be accessed indirectly. Hadroproduction is an environment
directly sensitive to gluon fragmentation functions, and the production of inclusive hadrons
is often utilized for this purpose. However, a limitation of this approach is that the informa-
tion in z, the fraction of parton momentum transferred to the hadron, is smeared due to an
involved convolution between the fragmentation function and the hard-scattering functions.
Recent theoretical work [9] has shown that this feature can be overcome by studying the
production of hadrons within jets. Having information from both the jet and the hadron
allows one to measure zh, the fraction of jet momentum carried by the hadron, which is
equivalent to z as calculated relative to the parton, at first order. Additionally, fragmenta-
tion function studies in p+ p → jet+ h+X can also serve as an innovative way to test the
universality of fragmentation functions, lending deeper insight into the nature of QCD.

Measuring the distribution of hadrons within a jet, one can also investigate the transverse-
momentum-dependent, “TMD,” structure of the fragmentation function. Factorization of
TMD formulations of QCD have been proven for SIDIS as well as Drell-Yan and weak-boson
production in polarized-proton collisions [10–15]. However, it is expected that TMD fac-
torization may generally be broken for hadronic interactions [16–18]. The size of any such
factorization breaking is not known. A recent paper [19] argues that TMD factorization is
robust for hadron-within-jet observables. Significant questions also remain about the kine-
matic evolution of TMD distributions and fragmentation functions, since TMD evolution
equations involve noncalculable factors that depend entirely upon experimental data for
constraints. TMD measurements in hadroproduction, therefore, are crucial for expanding
insight into the nature of pQCD.
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FIG. 1. Data from HERMES in comparison with fragmentation function calculations including
nuclear modifications (black solid lines and blue dotted lines) and without nuclear modifications
(dashed red lines) [20]. The HERMES data present the ratios of the SIDIS pion production rates
from nuclear targets to proton targets. The mode calculations all include the effects of nuclear PDFs.
Models which include nuclear modification of the fragmentation are clearly preferred by the data.

Data from the HERMES experiment have shown that pion production rates from e+A
collisions are modified relative to those from e + p collisions (see Ref. [20] and references,
therein). Figure 1 shows the HERMES data [20] for the ratios of pion production rates
for various nuclear targets to those for proton targets. These ratios are compared with
theoretical models utilizing nuclear PDFs and three sets of fragmentation functions: one
set of vacuum fragmentation functions (red dashed lines) and two sets of nuclear-modified
fragmentation functions (solid black lines and dotted blue lines). The data clearly indicate
a preference for models including nuclear modification in the hadronization process. A
critical test will be to determine if these nuclear modifications to hadronization persist at
higher values of the center-of-mass collision energy

√
s and momentum-transfer Q2.

B. Multiplicities of Pions within Jets: The First and Third Objectives

The proposed first objective will enhance knowledge of hadronization by probing gluon
fragmentation functions through the study of charged-pion multiplicities in jets [9] from
p+p collisions at

√
s = 500 GeV. The measurement will utilize data collected by the STAR

detectors during the 2011 RHIC run. The PI has recently submitted for publication the mea-
surements of spin-dependent distributions of pions within jets [2] (“Collins” asymmetries,
also discussed in Section IIID) from these same data. The dataset is therefore thoroughly
understood. To enhance sensitivity to gluonic subprocesses, the analysis will focus on jets
with relatively low-pT from the minimum-bias event triggers. This will also significantly
simplify the analysis by removing the need to evaluate systematic uncertainties due to bias
in the event trigger. Development of the analysis infrastructure has been initiated by the
PI and Suzanne Wheeler during the summer of 2017 and is based upon that of the Collins
analysis. Two new analysis developments needed specifically for the fragmentation func-
tion analysis are a new method for correcting jets for underlying-event contributions and a
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multi-dimensional procedure to “unfold” the reconstructed kinematics to the corrected kine-
matics. A final need before publication of results is a high-statistics Monte Carlo simulation
to ensure sufficient precision for the corrections and unfolding. This work will provide sig-
nificant opportunities for involvement of undergraduate researchers, enabling development
of practical computing skills, knowledge of physics detectors, and skills to handle large sets
of data. The timeframe for preliminary results, suitable for public dissemination, is the first
spring of funding (2019) with publication to follow later that year.

The proposed third objective will utilize multiplicities of charged pions in jets from
proton-gold collisions at

√
s = 200 GeV to investigate the effects of the nuclear environment

on hadronization. This dataset presents a unique opportunity to extend the hadronization
studies, e.g. from HERMES, to much higher

√
s and Q2. The analysis will flow naturally

out of the first objective, utilizing much of the infrastructure already laid to that point.
The methodology developed for correcting underlying event in the second objective will
be crucial to evaluating similar corrections for the p + Au analysis. A large Monte Carlo
simulation will be necessary and careful optimization of the simulation parameters will be
important, again providing prime opportunities for involving undergraduate students. For
purposes of evaluating the nuclear modification, a parallel analysis of the 200 GeV p + p
dataset is necessary. This work is being carried out independently by STAR colleagues at the
University of Kentucky. Consistent with STAR bylaws, the results of the p+ p analysis will
be available for collaboration-wide utilization, including for the proposed p+Au analysis. To
quote from the STAR bylaws, “Data from all parts of the STAR detector shall be available
to all members of the STAR Collaboration for analysis. Furthermore, it is the responsibility
of all collaborators to see that the necessary correction algorithms and correction parameters
be updated and made available to the entire Collaboration in a timely manner. Any member
of the Collaboration is free to analyze any part of the data.” The timeframe for preliminary
results, suitable for dissemination, will be spring in the second year of funding (2020) with
publication to follow by the spring of the final year of funding (2021).

C. Background: Transverse Spin Physics and the TMD Formalism

A complete partonic picture of the nucleon requires three parton distribution functions
(PDFs): the unpolarized parton distribution, f(x,Q2); the helicity parton distribution,
Δf(x,Q2); and the transversity distribution, h1(x,Q

2) [21, 22]. Here, x denotes the parton
light-cone momentum fraction; while Q2, again, denotes the momentum transfer. Of the
three PDFs, transversity, which describes the transverse polarization of quarks inside a
transversely polarized nucleon, has proven the most difficult to probe. This is due to
transversity’s chiral-odd nature, requiring it to couple to another chiral-odd quantity in
order to be observed.

Advances in understanding transversity have been made through the study of transverse
single-spin asymmetries, defined as

AUT sin (φ) =
σ↑ (φ)− σ↓ (φ)

σ↑ (φ) + σ↓ (φ)
. (1)

For decades, AUT (also, commonly expressed as “AN”) has been measured to be as large
as a few percent at pT values of several GeV/c for inclusive hadron production at forward
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s = 200 [25] and 500 GeV [2] (left). Asymmetries are consistent

when scaling for xT . Collins [2] asymmetries at
√
s = 500 GeV are shown in comparison to model

calculations based on SIDIS [26, 27] (right). Collins asymmetries are consistent with models at the
95% confidence level showing a slight preference for models assuming no TMD evolution.

pseudorapidity (η ∼ 3) from polarized-proton collisions, e.g. Ref. [23]. Moreover, the size of
the asymmetries appears to be independent of center of mass energy, across a range of over
an order of magnitude. This has presented something of a conundrum, since for over thirty
years, it has been known that the partonic hard scattering asymmetry is vanishingly small
for modest values of pT [24]. This mystery has proven a catalyst for theoretical development
into how such an asymmetry may arise in the nonperturbative mechanisms and resulted in
an opportunity for tremendous deepening in the understanding of QCD.

One of the paths to generate a non-zero AUT in QCD is to utilize TMD parton distribu-
tions and fragmentation functions. The TMD formulation [28–30] utilizes correlations be-
tween spin polarization and intrinsic transverse momentum. For example, the Collins mech-
anism [30] requires a correlation between the polarization of a hard-scattered quark and the
transverse momentum of a hadron fragment (calculated relative to the scattered quark direc-
tion). It is enabled by nonzero transversity coupled to the polarization-dependent “Collins”
fragmentation function. SIDIS experiments have provided the first measurements of Collins
asymmetries (e.g. Refs. [31–33]). These, combined with independent measurements of the
Collins fragmentation function by e+e− experiments (e.g. Refs. [34, 35]), have enabled the
first extractions of the transversity PDF [36, 37]. The PI has served as the principal analyst
and principal author for the STAR paper recently submitted for publication representing
the first measurement of the Collins asymmetry from transversely polarized proton-proton,
p↑ + p collisions at

√
s = 500 GeV [2]. The results are presented in the left-hand panel of

Fig. 2, along with preliminary results at
√
s = 200 GeV [7] from data collected in 2012.

The results are selected so that they sample the same range of jT , the pion momentum
transverse to the jet axis, and the same range of xT = 2pT /

√
s. The 200 GeV and 500 GeV

asymmetries are consistent for common ranges of xT , which is noteworthy given the open
questions about TMD factorization. The 500 GeV asymmetries are compared with model
calculations [26, 27] based upon SIDIS and e+e− data in the right-hand panel of Fig. 2. The
models assume robust TMD factorization and universality, non-trivial assumptions given
the general expectation of TMD factorization-breaking in hadroproduction. Furthermore,
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the models of Ref. [27] are based on two separate calculations: one assuming no TMD evo-
lution (KPRY) and one assuming TMD evolution up to next-to-leading log (KPRY-NLL).
The STAR data agree with all predictions at the 95% confidence level, consonant with the
model assumption of universality of the Collins fragmentation function and the assumption
of robust TMD factorization for these observables in p+ p. Between the two KPRY calcu-
lations, the 500 GeV data exhibit a slight preference for the model without TMD evolution.
Using the data statistical and systematic uncertainties, a χ2 test yields χ2 = 14.0 for ν = 10
degrees of freedom without evolution compared with χ2 = 17.6 with evolution.

The existing STAR results argue the Collins mechanism is a fertile field for probing the
nature of QCD and hadronization. While the existing results are suggestive, new results
will enable more precise conclusions and probe deeper questions, such as how the polarized
hadronization is modified through different collision environments.

D. Collins Measurements from p+Au Collisions: The Second Objective

The proposed second objective will, in the spirit of the NSAC long-range plan, exploit
the unique capabilities of RHIC for novel insight into the nature of QCD and especially
hadronization through the study of the Collins asymmetry in the production of charged
pions within jets from transversely polarized-proton-on-gold, p↑+Au, collisions at

√
s = 200

GeV [38, 39]. Specifically, the measurement utilizes Eq. 1 with the azimuthal angle φ
calculated as φ = φS − φH , where φS is the azimuthal angle between the proton spin
polarization and the jet-scattering plane and φH is the azimuthal orientation of the pion
around the jet axis. The Collins asymmetry has never been measured in an environment
where nuclear modification is possible. The proposed objective will therefore provide the
first opportunities for observing nuclear modification to polarized hadronization. The 2015
STAR dataset is the only existing dataset where such a study can be done. Projected
statistical uncertainties for the 2015 p+ Au Collins asymmetries are shown in Fig. 3. The
second objective will proceed in parallel with the third objective, and the two efforts will
utilize the same analysis framework and simulation sample. Sharing resources between the
two objectives will significantly reduce the amount of time to complete the projects. The
second objective, also, will be greatly expedited by the groundwork laid by the 500 GeV
Collins analysis, which has been submitted for publication by the PI [2]. The timeframe
for preliminary results, suitable for dissemination to the public, is spring of the second
year of funding (2020) with publication to follow by the spring of the final year of funding
(2021). Finally, the second and third objectives serve to position the Lamar STAR group
for leadership in the longer-term efforts of STAR beyond 2020 [8].

IV. SUPPORTING WORK FOR THE STAR COLLABORATION

A. STAR Deputy Spokesperson

A critical component of any successful collaborative experiment is broad participation
from collaborators in supporting work. The PI has served as a member of STAR for the
past twelve years, active in various service roles such as writing committees, institutional
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FIG. 3. Projected statistical uncertainties for STAR 2015 and requested 2017 datasets. Projections
are placed at the location of the 2011 and 2012 datapoints [7].

review panels, and data simulation productions. As of fall 2017, the PI has concluded a
three-year term as co-convener of the STAR Spin Physics Working Group (PWG). As co-
convener, the PI was responsible for chairing weekly meetings during this three-year term
to discuss analysis progress for the various projects within the PWG, as well as attending
additional weekly meetings of the conveners of all STAR PWGs. A second responsibility
was to serve on the writing committees for STAR spin physics papers submitted during
this term, e.g. STAR papers on transverse spin asymmetries in di-hadron correlations at√
s = 200 GeV [5], cross section and longitudinal spin asymmetries in dijet production at√
s = 200 GeV [6], and transverse spin asymmetries in di-hadron correlations at

√
s = 500

GeV (soon to be submitted). During collaboration meetings, the PI was responsible for
presenting status reports on the spin PWG to the full collaboration. This fall, the PI has
accepted a new leadership role, beginning a three-year term on the STAR management team
as Deputy Spokesperson. As described in the STAR bylaws, “The deputy Spokespersons
provide support and assistance to the Spokesperson(s) in the management of the experiment
and collaboration. They may be authorized by the Spokesperson(s) to act on his/her/their
behalf and to represent the Collaboration.” This job involves chairing various committees
and focus groups pertaining to STAR analyses and activities, attending weekly meetings
of the management team, maintaining daily communication with the Spokespersons, par-
ticipating in weekly analysis discussions with the PWGs, and participating in meetings of
the STAR Council. The responsibilities inherent to this position require the PI to travel to
Brookhaven National Laboratory for annual STAR Collaboration and Analysis Meetings.
One of the PIs first duties has been to chair a committee to identify and document an
analysis blinding procedure for the isobar collision data to be collected during the 2018
RHIC run for investigating a possible chiral magnetic effect in heavy-ion collisions. Blind
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analyses are commonplace within some fields of physics but to our knowledge have never
been attempted in a heavy-ion analysis.

B. STAR Data-taking Shifts

Other required support work for membership in the STAR collaboration is participating
in data-taking shifts during RHIC running. The PI has participated in STAR data-taking
shifts for twelve years, serving in every capacity up to shift-leader, including training future
STAR shift-leaders. Each collaborative institution is required to fulfill a certain number
of shifts set each year based upon the number of institutional coauthors requested for
STAR publications. The PI and postdoctoral associate will be STAR coauthors, and it
is anticipated that each will be required to fulfill two data-taking shifts during each year
of RHIC running (years one and three of the funding cycle). These shifts also serve as
excellent opportunities for the postdoctoral associate to gain training in the operation of an
experiment and to network with the larger collaboration community, which can be valuable
for the career goals of the postdoctoral associate.

V. UNDERGRADUATE RESEARCHERS

The Lamar University physics department has a long tradition of engaging undergrad-
uate physics and STEM students in physics research. The proposed program extends this
successful tradition for the first time into the field of nuclear physics. The PI has experience
both as an undergraduate research student and a supervisor of undergraduate research stu-
dents. From 2002-2004, the PI was an undergraduate research student at Abilene Christian
University and from 2012-2015 supervised undergraduate research students at Valparaiso
University. At Lamar University, the PI has mentored undergraduate students through
submission of locally funded undergraduate research proposals and through independent
study of nuclear physics research in 2016. In 2017, the PI has also served as the research
mentor for Suzanne Wheeler, a Lamar physics undergraduate student awarded a scholar-
ship through the Ronald E. McNair Post-Baccalaureate Achievement Program, eligible to
first-generation, low-income, and/or underrepresented students. Through her McNair re-
search, Suzanne became the first Lamar undergraduate to receive a guest appointment at
Brookhaven National Laboratory. The proposed program builds upon the foundations of
these successful experiences.

The role of undergraduate mentor will be performed by the PI. Students will participate
in weekly face-to-face meetings with the research group as well as frequent one-on-one meet-
ings with the PI. The PI will work directly with students to identifying analysis projects
well-suited to the skills and potential of the individual student, as well as in identifying
suitable venues for presentation of their work. The PI will also leverage contacts through
the STAR collaboration institutions toward identifying graduate school opportunities. Be-
cause of the on-going work of the PI with Lamar students through the McNair program,
independent study, and undergraduate research proposals, several Lamar students already
possess the background to begin research in this program. To prepare new students, the PI
will continue to offer the independent study in nuclear physics research for first-time student

9



researchers in the program. This mechanism has proven effective not only to prepare new
students but also to advertise the research opportunity and engender interest among new
Lamar physics students.

The McNair Program is another excellent entryway to the proposed research program
for well-qualified students, specifically from underrepresented populations. To qualify, stu-
dents must be first-generation and low-income and/or from underrepresented populations,
maintain at least a 3.0 cumulative GPA, have completed 45 undergraduate semester hours,
and express a desire to pursue graduate studies. Scholars are given a stipend and funding
for a summer internship period. In fall 2017, funding the Lamar McNair program was re-
newed for the next four years by the U.S. Department of Education, ensuring stability for
the duration of the proposed research proposal. Lamar physics students have a successful
history with the McNair program, and the PI has served as a McNair scholar mentor during
the summer of 2017. This student has continued to perform research with the PI beyond
the duration of the McNair internship, serving as an example for the program moving for-
ward. The PI will actively recruit from among the McNair physics cohort. Scholars will
work alongside the other STAR undergraduates and continue working with the research
program after the McNair internship has ended. Alongside the other recruiting mechanisms
described, the McNair program in particular will help the proposed research program stay
equally accessible and open to qualified students from underrepresented populations.

The primary research projects for undergraduate students will involve assisting with
data and simulation analyses for the pion multiplicity analyses. Both the p+ p and p+Au
analyses require large simulation productions for corrections and evaluation of systematic
uncertainties. Example projects are the following: assessing the necessary simulation statis-
tics to achieve the desired precision for the corrections, quality assessment of test samples
produced prior to full production, and evaluating the level of agreement between the data
distributions and the corresponding simulation distributions after production. These exam-
ples require a modest level of computing skills but do not require an intimate knowledge
of the high-level theoretical underpinnings of the physics and are therefore well-suited for
Lamar undergraduate students. For instance, students can begin by studying preexisting
examples of macros and code used to generate histograms for previous studies. Once famil-
iar, they can edit the code for the necessary additional histograms required by the present
analysis. They will, then, learn the mechanisms for running the code over the simulation
or data files to produce the relevant plots. At any point, the students and PI will discuss
relevant questions and troubleshoot code, as necessary. Once a successful analysis pass is
performed, the students and PI will discuss the resulting plots and subsequent steps of the
analysis. This model allows the students to maintain close contact with the mentor while
affording a measure of freedom and innovation. It has worked quite well for the PI while
mentoring Suzanne Wheeler, as well as during the PI’s time as an undergraduate mentor
at Valparaiso University.

The PI and postdoctoral associate will travel periodically to STAR collaboration and
analysis meetings at Brookhaven to discuss on-going efforts outlined in this proposal. The
PI will leverage local funding opportunities, e.g. through the Lamar Office of Undergraduate
Research/Creative Activity, to allow the undergraduate researchers to travel to the lab, as
well. This will allow the PI to expose the students to the national laboratory atmosphere
and the most recent developments in the field, as well as opportunities to form relationships
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with potential graduate school advisors.

After completing a project, presenting and discussing the results is a marvelous way
to enhance the learning experience for students. The annual Conference Experience for
Undergraduates (CEU), held in conjunction with the fall meeting of the APS Division of
Nuclear Physics (DNP), is a stellar example. Participation in this conference experience
and its associated poster session will be a valuable way for Lamar students to discuss their
projects with a diverse group of scientists, including other undergraduate researchers and
senior research faculty, alike. The conference experience also includes a graduate school
information session, with opportunities to speak face-to-face with representatives from var-
ious schools. It will also serve well to develop credibility and enhance the profile of Lamar
University within the nuclear physics community. Upon returning, the students will be able
to share their experience with the broader Lamar University community, which will enhance
the profile of the physics department on-campus. All of these examples are critical to the
long-term goals of the PI.

VI. BROADER IMPACTS OF THE PROPOSED WORK

Aside from the powerful intellectual contribution to the field, the proposed program
presents a tremendous opportunity to impact the community of Southeast Texas and the
Gulf Coast Region. Lamar University is located in the Southeast Texas city of Beaumont,
close to the border with Louisiana. The regional economy has historically strong ties to
the petroleum industry, and Lamar’s large engineering college reflects this history. The
Southeast Texas region also has a large population from disadvantaged backgrounds, and
Lamar University has a history of reaching these individuals. As has been well documented,
Beaumont and all of Southeast Texas have experienced profoundly difficulties associated
with Hurricane Harvey. While the people of this region are robust and effectively recovering,
complete recovery will take years. Furthermore, the region now looks for ways to improve
infrastructure, predictive modeling for storms and the flow of flood water, and information
processing on such items as water quality and ecological impact. Technical, analytical,
innovative, and problem-solving skills are always at a premium but acutely so in such times
of recovery and looking forward. Exposing students to high-quality STEM education, such
as physics, is a powerful way to open doors of opportunity. Many of these students have
never considered physics research as a possibility. Providing them the opportunity not
only to participate in analysis efforts but also to travel to national laboratories and present
results of their project at conferences enhances their educational experience, demonstrates
the wealth of career possibilities, and encourages yet more students to take advantage
of future opportunities. While these students, often first-generation students, need these
opportunities, they simultaneously fulfill a critical need for the region and nation. The
regional economy critically depends upon an educated and well-trained population; and our
nation, as a whole, profoundly benefits by a society with STEM-based skills. The proposed
program would empower otherwise disadvantaged students, enhance the quality of STEM
education at a strategically located institution, and serve an urgent need for the local and
broader community.

The PI will create a vehicle to evaluate the effectiveness of the proposed program on
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the retention and matriculation of undergraduates through the physics program. The re-
sults of these evaluations will then inform methodologies for future mentoring efforts. Each
student participating in research efforts with the proposed program will complete entrance
surveys shortly after their selection to the program to gauge their interest in physics and
expectations for their participation. Students participating multiple summers will com-
plete a separate survey for each year of participation. Students will follow up with an exit
survey at the completion of their activities for the summer. The exit surveys will repeat
questions to gauge interest in physics but also separate questions to get feedback on which
methodologies were perceived as most effective or made the most impact. At the end of
the students time at Lamar, they will complete a final survey to evaluate current interests,
future goals, and how their research experiences impacted their path through the program.
To the extent possible, surveys will be distributed to students who do withdraw from the
physics program or transfer from Lamar to solicit their feedback, as well. The results will
be made available to other STEM faculty at Lamar University as well as to collaborators
on STAR. This effort is aimed at developing innovative methodologies for mentoring fu-
ture scientists, contributing constructively to broader mentoring efforts of students, and in
particular focused on removing existing barriers to the progress of students from diverse or
disadvantaged backgrounds.

VII. RESULTS FROM PRIOR NSF SUPPORT

The PI has not received past NSF support.

VIII. PROPOSED TIMELINE AND MILESTONES

The following list summarizes the milestone targets for completion and dissemination
of results for the program objectives. These milestones will aid the Lamar STAR group in
evaluating the efficiency of achieving the proposed goals. More importantly they will also
serve as an effective program for dissemination of results, facilitating collaboration with
theorists and other colleagues in the field, career exposure for the postdoctoral associate,
and elevating the profile of Lamar University in the new horizon of nuclear physics.

• Complete preliminary analysis of pion multiplicities at 500 GeV in spring 2019

• Presentation of preliminary 500 GeV pion multiplicity results in fall 2019 at DNP
conference

• Complete preliminary analysis of p+Au Collins asymmetries in spring 2020

• Complete preliminary analysis of p+Au pion multiplicities in spring 2020

• Presentation of preliminary p+Au Collins asymmetries and pion multiplicities in fall
2020 at DNP conference

• Publish p+Au Collins asymmetries in spring 2021

• Publish p+Au pion multiplicities in spring 2021
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IX. RESPONSIBILITIES FOR PROGRAM COMPONENTS

The following list summarizes the personnel primarily responsible for the various com-
ponents of the proposed program.

• Pion multiplicities at 500 GeV (PI)

• p+Au Collins asymmetries (postdoctoral associate)

• p+Au pion multiplicities (postdoctoral associate, PI)

• Supervisor for postdoctoral associate (PI)

• Mentor for undergraduate research students (PI)

• Operate STAR detectors during data-taking runs (PI, postdoctoral associate)

X. CONCLUDING REMARKS

The principle investigator believes the scientific program presented

• is a compelling opportunity to enhance the state of knowledge in nuclear physics

• takes full advantage of the existing expertise of the PI and positions the PI for the
development of new expertise

• is seamlessly consistent with the priorities outlined in the recent NSAC long-range
plan

• is strategically chosen to advance the long-term program of the PI

• will provide a rich experience for early-career scientists, such as postdoctoral asso-
ciates

• will impact a critical need of the region and nation for a population with strong skills
in STEM disciplines

• will impact a critical need of the region and nation for providing historically disad-
vantaged populations with opportunities for quality STEM education
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Budget Justification

The proposal outlined below requests one postdoctoral associate in addition to the principle
investigator (PI). For each year of the proposal, three undergraduate students will be hired
for the summer to assist with research efforts and gain hands-on educational experience in
physics. The proposal requests salaries and travel funds, as well as, computing resources for
the postdoctoral associate. The details of each of these are discussed in the following sections.
Indirect costs are set by Lamar University at a rate of 32.60% of the total modified direct
costs.

I. SALARIES AND WAGES

The proposal requests a summer research salary for the PI equivalent to 1.5 times the
monthly salary of the PI. The requested initial annual salary of $48000 for the postdoctoral
associate is consistent with the regular practices toward postdoctoral associates at Lamar
University. Commensurate with the practices of Lamar University, an annual salary increase
of 3% is budgeted for the PI and postdoctoral associate. The proposal requests salary for
three undergraduate summer researchers for each year of the grant. Each undergraduate will
work for 19.5 hours each week for 47 weeks during the year. The salary of $10 per hour
is commensurate with Lamar University practices toward undergraduate research students.
Benefits for the PI and postdoctoral associate are consistent with the practices of Lamar
University. Social Security is contributed by the employer at a rate of 7.65% of the salary.
For the undergraduate students, the employer contribution includes 7.65% of $234 in summer
FICA. Texas teacher retirement benefits for the PI are contributed at a rate of 6.80%. Optional
retirement benefits are contributed at a rate of 6.60% of the salary. Health insurance is based
upon actual costs in each year for the PI and postdoc.

II. TRAVEL

The proposal requests funds for travel to carry out work necessary to the body of work. All
costs are derived utilizing per diem rates in accordance with Uniform Guidelines, University
Policy and applicable state and federal laws/guidance.

As members of the STAR collaboration, the PI and postdoctoral associate will be required
to participate in data-taking shifts at Brookhaven National Laboratory (BNL). The proposal
projects two shifts (ten days and nine nights each) for the PI and one for the postdoctoral
associate in the each year of funding.

As PI of the Lamar STAR research group, furthermore as STAR deputy spokesperson, the
PI is required to attend annual STAR analysis meetings for face-to-face discussion of analysis
efforts and innovations critical to the success and productivity of the research goals outlined in
the proposal. The proposal requests funds to support the participation of the PI in the yearly
STAR analysis meeting at BNL (five days and four nights). Because of the location and layout
of BNL and the lack of adequate food options throughout a given week at the lab, a rental car
is a necessity for travel to BNL.
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Trip Year 1 Year 2 Year 3
Brookhaven Shift (PI) $6,499 $6,499 $6,499
Brookhaven Shift (Postdoc) $3,250 $3,250 $3,250
Brookhaven Analysis Meeting (PI) $2,003 $2,003 $2,003
Annual Conference (PI, Postdoc, U.G. Students) $8,276 $9,481
Total $11,752 $20,028 $21,233

TABLE I. Travel expenses for years 1-3.

The proposal requests funds for the PI and postdoc to attend one conference in the second
and third years of funding. This is critical for the continued maturation of the PI and postdoc,
as well as the success of the grant in disseminating results and extending communication
and collaboration between members of the experimental and theoretical communities. The
projected conferences are the Annual Fall Meetings of the APS Division of Nuclear Physics
(DNP), projected for Tuscon, AZ, in October 2019 and Seattle,WA, in October 2020. Funds are
also requested to support the attendance of the undergraduates at the Conference Experience
for Undergraduates (CEU), held in conjunction with the DNP meetings. For more than a
decade, this annual undergraduate experience has been tremendously successful in engaging
and encouraging undergraduate research efforts. The meeting also provides prime opportunities
for networking for potential graduate schools.

III. MATERIALS AND SUPPLIES AND OTHER RESEARCH SUPPLIES
RELATED TO THIS PROJECT

The proposal requests $3680 to purchase a laptop computer for the postdoctoral associate.
This computer will be used for the entire requested three years of the grant, exclusively for
data and simulation analyses as described in the proposal. Due to the travel needs of the
postdoctoral associate, a laptop is required. This will also enable a more flexible schedule
to accommodate special needs, should they arise. The computer must support a UNIX-based
environment, such as Apple OS X, and be powerful enough to run simulation and data-analysis
software.

IV. INDIRECT COSTS

Indirect Costs are calculated at 32.6% of the Total Modified Direct Costs as negotiated
with the federal cognizant agency, the U.S. Department of Health and Human Services.
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Current and Pending Support
(See PAPPG Section II.C.2.h for guidance on information to include on this form.)

The following information should be provided for each investigator and other senior personnel.  Failure to provide this information may delay consideration of this proposal.

Investigator:
Other agencies (including NSF) to which this proposal has been/will be submitted.

Support: Current Pending Submission Planned in Near Future *Transfer of Support

Project/Proposal Title:

Source of Support:
Total Award Amount:  $ Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Project. Cal: Acad: Sumr:

Support: Current Pending Submission Planned in Near Future *Transfer of Support

Project/Proposal Title:

Source of Support:
Total Award Amount:  $ Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Project. Cal: Acad: Sumr:

Support: Current Pending Submission Planned in Near Future *Transfer of Support

Project/Proposal Title:

Source of Support:
Total Award Amount:  $ Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Project. Cal: Acad: Sumr:

Support: Current Pending Submission Planned in Near Future *Transfer of Support

Project/Proposal Title:

Source of Support:
Total Award Amount:  $ Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Project. Cal: Acad: Sumr:

Support: Current Pending Submission Planned in Near Future *Transfer of Support

Project/Proposal Title:

Source of Support:
Total Award Amount:  $ Total Award Period Covered:
Location of Project:
Person-Months Per Year Committed to the Project. Cal: Acad: Summ:

*If this project has previously been funded by another agency, please list and furnish information for immediately preceding funding period.

USE ADDITIONAL SHEETS AS NECESSARYPage G-

James Drachenberg

RUI: Probing the Nature of QCD Through Transverse Spin
Physics at RHIC

National Science Foundation
465,046 09/01/18 - 08/31/21

Beaumont, TX
1.50 0.00 0.00
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Facilities, Equipment, and Other Resources

The objectives of this program primarily involve analysis of data and simulations. Thus,
the most critical resources and equipment involve computers and internet connections. All
Lamar University students and faculty have access to the high-speed internet necessary for
logging onto the RHIC computing facility to access STAR data. Lamar University also
provides the PI with an office facility, a laptop computer capable of running the necessary
analysis codes, and a salary for the academic year (September through May of the follow-
ing calendar year). Lamar University will provide the postdoctoral associate with office
facilities. The proposal requests a laptop computer for the postdoctoral associate.

STAR datasets are stored on the computers of the RHIC and ATLAS Computing Facility
(RACF). This facility is managed by Brookhaven National Laboratory (BNL) and RHIC
personnel. The STAR Collaboration and BNL provide all STAR collaboration members
with accounts on the RACF. STAR bylaws dictate that all collaborators must have access to
all datasets from all portions of the STAR detector. This mandate extends to standard data
reconstruction codes and simulation infrastructure. Thus, the internet and office resources
provided by Lamar University to the PI and postdoctoral associate are sufficient to carry
out the proposed analysis program.

To be a STAR co-author in good standing, the institutional members must commit to
contributing to data-taking shifts during RHIC running. STAR, BNL, and the RHIC/AGS
Users’ Center provide myriad training opportunities necessary to carryout these important
tasks. Training courses for general user information are available to all users with many
on-line. Specifically, training courses for cybersecurity, collider-accelerator, and low-hazard
skill-of-the-craft use are available annually for all collaborators. Instruction manuals for all
aspects of STAR operation are available to potential shift-takers and updated by detector
experts on a yearly basis. First-time STAR shift takers perform data-acquisition (DAQ)
operations, working under direct supervision of the shift-leader. Second-time shift takers
are eligible for training as detector operators during a week of shift-taking. The training is
provided by the qualified STAR detector operators during the week of shift-taking. Having
completed the week of training, the shift taker may serve subsequent shifts as a qualified
detector operator. After serving as a DAQ operator and detector operator, the shift-taker is
eligible for training to be a shift-leader. This training is provided, again, by qualified STAR
shift leaders during the week of data-taking shifts. Sufficient resources for the necessary
training are provided by the STAR collaboration, BNL, and the RHIC/AGS Users’ center.

This proposal requests funding for undergraduate students to travel and present results
at the fall DNP meetings. The funding requested covers flight, luggage fees, public transit,
conference registration, and meals. Students will apply for lodging through the NSF-funded
Conference Experience for Undergraduates (CEU) program. If the lodging funds through
CEU are not available, they will be covered by Lamar University.

The measurements proposed in this program are high-priority measurements for the
STAR and feature prominently in STAR long-range program documents. In the spirit of
the long-term goals and in keeping with the collaboration bylaws, STAR collaborators and
management are committed to the continued and supportive collaboration necessary for
bringing the proposed program to completion.
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Data Management

The proposed program utilizes data collected by the STAR experiment to complete analyses on
behalf of the STAR Collaboration. Therefore, the management of experimental data follows that
as outlined in the official STAR publication policies. The relevant policies are as follows:

• Availability of STAR Data: Data from all parts of the STAR detector shall be available to
all members of the STAR Collaboration for analysis. Furthermore, it is the responsibility of
all collaborators to see that the necessary correction algorithms and correction parameters
be updated and made available to the entire Collaboration in a timely manner. Any member
of the Collaboration is free to analyze any part of the data.

• Data Analyses in the Context of the Physics Working Group (PWG): It is anticipated that
all STAR data will be analyzed in collaboration with the STAR Physics Working Groups
(PWG), with the possible exception of technical papers. PWGs shall be designated and
PWG convenors appointed by the spokesperson for each major physics analysis topic in
STAR. In some instances a physics analysis may have implications for more than one PWG
as determined by the spokesperson. In such cases, one of the PWGs shall be the principal
PWG for that analysis, as designated by the spokesperson, with the other affected PWGs
being secondary. The PWG convenorships are expected to rotate approximately every two
years at the discretion of the spokesperson.

• The Common Effort: Given the overriding principle of open communication within the col-
laboration, collaborators should, upon request of a colleague, provide relevant code and input
assumptions that would permit results to be checked and confirmed. Computer code will be
kept in a common STAR software archive, and code and Data Summary Tapes (DST’s) will
be accessible to all collaborators.

The specific datasets proposed for this program were collected in 2011 and 2015. The data are
stored on the computers of the RHIC and ATLAS Computing Facility (RACF). This facility has
over five thousand processing cores and a distributed and centralized disc storage farm, as well as
a robotic tape storage silo. The STAR raw data summary tapes (DSTs) are stored on the RACF,
and data reconstruction is performed corporately. The production data files, called μDST files,
are produced in a “tree” format, compatible for analysis using the C++-based ROOT software
package. The μDSTs are available to all STAR Collaborators. The analyses in this proposal will
utilize standard STAR C++ software tools for jet analyses. As a part of this, standard STAR “jet
trees” will be produced to distill the data files beyond the large μDST files. The jet trees will
be stored on dedicated disc space for large file sets with multiple applications. STAR data are
archived on the High Performance Storage System (HPSS), which is accessible through the RACF
from anywhere with an internet connection. The jet trees produced specifically for this anlaysis
will also be backed up on HPSS and accessible from anywhere with an internet connection. In light
of this, backup and archive to local discs, e.g. at Lamar University, are unnecessary.
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Postdoctoral Researcher Mentoring Plan

The proposal prioritizes presentation and meeting opportunities for the postdoctoral as-
sociate (PD). STAR Analysis Meetings devote entire days to introductory instruction of ju-
nior members (graduate students and PDs), including the analysis infrastructure and broader
opportunities for participation. The meetings will serve as opportunities to meet other col-
laborators, network, and gain exposure to the national laboratory. The PD will present in
weekly local group meetings and teleconferences for the STAR Spin Physics Working Group
and Jet-finding Special Topics group. The private nature of local meetings allows the PI to
provide advising and counseling. There will be annual performance reviews in addition to the
weekly meetings, and the PD will complete a CITI training course on Responsible Conduct of
Research. Presenting regularly outside the local group, the PD will gain broad feedback on
their work and experience collaborating with a diverse group of scientists.

The PD will attend two major, high-profile conferences to present their work to the broader
physics community, raise their career profile, hone communication skills, and keep abreast of
the innovations in the field. The targeted conferences cover a broad range of topics, valuable
for the PD’s continued education. The PI will attend the conference, allowing mentoring and
“debriefing” after the presentation. Furthermore, the annual meetings of the APS Division
of Nuclear Physics are among the conferences most frequently attended by representatives of
funding agencies such as DOE and NSF, giving the PD invaluable opportunities to communi-
cate directly with those entities and emerge ahead of their peers in terms of being prepared to
acquire their own funding after the term of their postdoctoral experience.

The PD will have multiple writing opportunities, such as funding documents and jour-
nal publications. The PD will assist the preparation of required documentation for on-going
funding and subsequent renewal applications. The PI will provide the PD with appropriate
and non-confidential materials related to the current source of funding, enabling experience in
writing and compiling successful grant applications. The program targets two peer-reviewed
publications directly from the PD’s analyses. The PD will be the primary author, compiling
both the paper draft and the accompanying STAR technical note, under supervision of the PI,
providing the opportunity for an excellent postdoctoral research portfolio.

Central to the proposed program is engaging Lamar University undergraduate students in
research. Primary responsibility for mentoring undergraduate students will lie with the PI,
giving the PD time to focus on analyzing and publishing data. While not a requirement, if the
PD does desire a career as a professor, the PD will have the opportunity to gain experience
in mentoring students. The PD may begin by mentoring one student during the summer,
selecting a summer research project with the PI providing support and advice. The project
will be instructive and engaging for the student, as well as useful to the analysis of the PD. The
PD will meet regularly with the student to provide instruction, discuss progress, and organize
presentations for the weekly group meetings. Finally, the PD will assist the student in preparing
a poster presentation for the CEU meeting in the following autumn. In subsequent years, the
PD can mentor additional students, as desired. The program lends itself naturally to local
and national scholarship opportunities for student research projects, providing opportunities
for the PD to advise and mentor students during the academic year. Pending the needs of
the Lamar University physics department and the career goals of the PD, opportunities for
classroom instruction may also be available.
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Rationale for Performance of All or Part of the Project Off-campus or away
from Organizational Headquarters

The proposed program intends to perform the vast majority of work on the campus of Lamar
University. Among the exceptions are the data-taking shifts for the PI and postdoc at STAR,
on-site at BNL. These shifts are required for STAR members to maintain good standing within the
collaboration, including access to STAR data, computing resources, and co-authorship of STAR
publications. The PI will also travel to the annual STAR Analysis Meeting to discuss and develop
the analyses discussed in detail in this proposal, as well as carry out STAR deputy spokesperson
duties, as discussed in this proposal.
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RUI Impact Statement

Lamar University is an institution in the Texas State University System, located in the Southeast
Texas city of Beaumont, near the Texas-Louisiana border. The primary source of economy for the
area is petroleum, and Lamar largely traces its origins to the need for a population well-trained
in engineering and science disciplines. Lamar recruits a diverse population from a wide range
of backgrounds, including many first-generation college students and many from disadvantaged
backgrounds. Lamar has large student populations in fields of engineering and chemistry, and
the physics department has experienced growth in recent years. This growth is reflected in the
hiring of a new physics department chair, a tenure-track assistant professor (the PI), and a visiting
assistant professor, all within the last three years. This influx of new perspectives and expertise
positions Lamar’s physics department to build and expand upon a solid existing foundation of
engaging engineering and physics students in research as a part of their undergraduate educational
experience.

Lamar University physics faculty have built an active program to engage undergraduate students
in research. The department currently has five tenured faculty and one tenure-track faculty member,
all actively engaged in research. Since arriving at Lamar in fall 2015, the PI has mentored one STAR
research student, Suzanne Wheeler, through the Ronald E. McNair program and mentored another
student, Alek Hutson, to a successful STAR research grant for 2018 through the Lamar Office of
Undergraduate Research. Other examples are as follows: Dr. Cristian Bahrim, Professor of Physics,
has advised students in research projects in atomic spectroscopy, light-matter interactions, electron
diffraction, and quantum optics. His students have been recipients of the Goldwater Scholarship,
participants in the Ronald E. McNair program, and recipients of the Sigma Pi Sigma award.
Additionally, his students have also been recipients of Lamar University’s Beck Fellowship, which
funds summer research projects, e.g at the National Institute of Standards and Technology. Dr.
George Irwin, Associate Professor of Physics, has engaged students in investigating radioactivity of
fossil specimens to determine possible applications of gamma-ray spectroscopy to geochronology. He
has also participated successfully with students groups in national competitions to fly experiments
on the NASA reduced-gravity aircraft at Ellington Air Field. This past year, three students from
the physics department were awarded grants from the Lamar Office of Undergraduate Research
through their annual grant proposal competition.

The proposed program would enhance the student research environment of Lamar University in
several ways. The PI brings expertise in hadronic structure nuclear physics, a new field for Lamar.
Furthermore, most of Lamar’s physics faculty were trained as theorists rather than experimentalists.
Thus, the proposed program provides an opportunity for Lamar students to learn hands-on about
a new field of physics, and gives them exposure both to theoretical and experimental expertise.
Current research projects at Lamar do not require the analysis of large samples of data, such as
those obtained during collider operation. The current program will provide the opportunity for
students to learn a wide swath of statistical methods for data analysis, a profoundly valuable skill
for careers in STEM disciplines or graduate school. Currently, the only way for Lamar students
to participate in research affiliated with national laboratories is through programs external to the
physics department, such as the REU program or Lamar’s Beck fellowship. The current program
would enable an internal path for students to participate in national laboratory research, while also
affording opportunities to travel to the national laboratory site.

The PI is currently the most junior member of the Lamar physics faculty. For purposes of
tenure review, the importance of external funding can hardly be understated. An active research
program is critical to the career of the PI, and the proposed program will ensure high-impact
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productivity by the seminal six-year review during the 2020-2021 academic year. Beyond peer-
review journal publications, the Lamar community places high value on visible productivity with
students, e.g. students poster presentations of work conducted with faculty mentors. The proposed
project ensures a large supply of engaging and finite projects, suitable for student presentations
at poster sessions and conferences. The university administration is supportive and enthusiastic
about the proposed program and has provided the PI with temporary start-up funds support, in
particular for travel expenses in conjunction with the PI’s role as deputy spokesperson of the STAR
collaboration. This support has proven valuable for building the infrastructure for the proposed
research program, including the successful programs with Suzanne Wheeler and Alek Hutson. As
is common at predominantly undergraduate institutions, the teaching load is large compared to
predominantly research institutions. This underscores the significant benefit of the postdoctoral
associate to the proposed program. The PI has developed the analysis infrastructure necessary for
a productive program though the Collins asymmetry analysis. The p + Au Collins analysis will
build on the existing infrastructure, and the postdoctoral associate will enable completion of the
analyses without the restrictions of teaching. This will not only significantly reduce the publication
time of these unique data but also aid the efficiency of other analysis, which will utilize many of
the same resources, e.g. simulation production.

Lamar University has a successful history of educating physics and engineering students for
STEM careers, graduate, and professional schools. Recent graduates of accepted industry jobs
such as

• Electrical engineer at INEOS Olefins and Polymers USA

• Engineer at Syracuse Research Corporation

• Engineer at Shell

Other recent graduates have pursued graduate and professional studies at such institutions as

• University of Texas Southwestern Medical School, Dallas, TX

• University of Alaska, Ph.D. in physics and space sciences

• Louisiana State University, Ph.D. in quantum optics

• Purdue University, graduate school in electrical engineering

• University of Nevada at Las Vegas, M.S. in medical physics

• Rice University, Ph.D. in nano-photonics

• Texas A&M University, Ph.D. in physics

• University of Houston, Ph.D. in physics

Recent Lamar University physics graduates also hold teaching positions at high schools in such areas
as Dallas, Baytown, and Beaumont, Texas. In the spring of 2016, the PI successfully implemented
a course on data reduction and error analysis for STEM majors, a first for Lamar University. The
course was successful enough to generate sufficient interest for a second offering in spring 2018.
This course borrows heavily from the analysis techniques developed for the research described
in this proposal. Thus, the proposal allows the PI to continue to use and develop innovative
teaching methods to enhance the educational and career preparation of Lamar University students.
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Students who take the course are also well-prepared for participation as summer researchers in
the proposed program or in other research opportunities, such as through the Beck and McNair
fellowship programs.

Undergraduate research candidates will be evaluated based upon criteria such as the following:
GPA, classification, and written statements of interest. Preference will be given toward students
having completed the courses in Modern Physics and data reduction and with interests in graduate
school. The proposed program will utilize existing resources at Lamar University to attract qual-
ified students from a broad spectrum of backgrounds. The Ronald E. McNair Post-Baccalaureate
Achievement Program is an excellent entryway for well-qualified students, specifically from under-
represented populations. McNair students must be first-generation and low-income and/or from
underrepresented populations, maintain at least a 3.0 cumulative GPA, have completed 45 under-
graduate semester hours, and express a desire to pursue graduate studies. Lamar physics students
have a successful history with the McNair program, and the PI has served as a McNair scholar
mentor during the summer of 2017. The PI will continue to recruit actively from the McNair
physics cohort, which will help the proposed research program stay accessible and open to qualified
students from underrepresented populations.

The PI will maintain a database for tracking students who have participated in the proposed
research program. This database will collect information on completed courses, conference presen-
tations, graduation dates, and to the extent possible tracking information beyond undergraduate
school. The students will complete entrance and exit surveys to gauge their expectations, intents,
and experiences. This information will help the PI evaluate the effectiveness of the mentoring and
training aspects of the program. A high priority will be placed upon student retention and matric-
ulation through the physics program, and the various elements of the mentoring program will be
modified to optimize their effectiveness in achieving these ends.

Since the proposed program focuses on analysis of data, the most likely innovations will be
software-related. However, these software-related research tools are already contributing to the
educational opportunities of Lamar students. As discussed earlier, the analysis methodologies are
being implemented in the development of a new course on data reduction and error analysis. Addi-
tionally, the research program will provide opportunities for Lamar physics students to hone skills
in computer programming and software development, which are valuable skills for STEM careers
and graduate school. It is anticipated that with the implementation of the proposed program,
there will be more consistent student demand for courses in nuclear and particle physics. Cur-
rently nuclear physics is a special-topics course, and the PI intends to make this a regular staple
of the Lamar physics curriculum. This will enhance both the educational experience and graduate
school preparation of Lamar physics students. It will also help to reinforce the PI’s position as a
contributing and valuable member of the physics faculty, which is essential to the long-term career
goals of the PI.
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