
Project Narrative

Experimental Medium Energy Physics
at Arizona State University

February 2022

Project Title: Experimental Medium Energy Physics at Arizona State University
Organization: Arizona State University, College of Integrated Sciences and Arts

7271 E. Sonoran Arroyo Mall, Mesa, AZ 85212-6415

Principal Investigator: Michael R. Dugger [(480) 965-0728, dugger@jlab.org]

ASU Admin. Contact: Colleen Trompeter [(602) 543-4604, Colleen.Trompeter@asu.edu]

Submitted to: Department of Energy, Office of Nuclear Physics
Funding Opportunity: DE-FOA-0002562
DOE Contact: Gulshan Rai
Research Area: Medium Energy
New Grant Period: 9/1/2022 - 9/1/2025



Contents

1 Introduction 1

2 Research to be undertaken under proposed award 3
2.1 The CLAS12 detector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.2 The GlueX detector in Hall D . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.2.1 TPOL: The ASU triplet polarimeter . . . . . . . . . . . . . . . . . . 4
2.3 Probing the Ξ baryon spectra . . . . . . . . . . . . . . . . . . . . . . . . . . 5
2.4 Exotic hadrons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.5 Past accomplishments and works in progress . . . . . . . . . . . . . . . . . . 7

2.5.1 Work on K∗K̄ states . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.5.2 Work on Ξ∗ states . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

2.6 Publications during the current grant . . . . . . . . . . . . . . . . . . . . . . 12

3 Research plan 13

4 Impact of other work on this grant’s resources 13

5 Human resource development 13

6 Requested resources and justification 14
6.1 Senior personnel∗ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
6.2 Other Personnel∗ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

6.2.1 Graduate Research Associates . . . . . . . . . . . . . . . . . . . . . . 14
6.3 Fringe benefits. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
6.4 Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
6.5 Travel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
6.6 Other direct costs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
6.7 Total direct costs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
6.8 Facilities and Administration (F&A; Indirect/Overhead) Costs . . . . . . . . 16
6.9 Total Direct and Indirect costs . . . . . . . . . . . . . . . . . . . . . . . . . . 16

7 Institutional support 16

8 Summary of meaningful metrics 16

Appendices 18

A Bibliography and references cited 18

B Data management plan 22

C Principal collaborators 23
C.1 Close collaborators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
C.2 Advisors and postdoctoral sponsors of the primary investigator . . . . . . . . 23
C.3 Former post-doctoral participants in academic and lab positions . . . . . . . 23

i



C.4 Former Ph.D. students in academic and lab positions . . . . . . . . . . . . . 23

D Publications 23

E Biographical sketches 25
E.1 Michael R. Dugger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

F Student tracking information 27

G Current and pending support 27

H Facilities and resources 27
H.1 Laboratory facilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
H.2 Computer facilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
H.3 Office space . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
H.4 Major instrumentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

ii



Abstract

Using the experimental facilities of Jefferson Lab in Halls B and D, the Arizona State Uni-
versity (ASU) Meson Physics Group will conduct experiments to search for and characterize
(1) excited baryons containing two or more strange quarks and (2) hybrid meson states that
have K+K−π0 decay products. Both types of particles have been specifically predicted by
hadron models based on quantum chromodynamics (QCD), exploiting flavor symmetry and
gluonic excitations. The detailed knowledge of the spectrum of these states that will be
obtained is essential for meeting the goals of Nuclear Science Advisory Committee (NSAC)
Long-Range Plan.

1 Introduction

The ASU Meson Physics Group is primarily interested in determining the existence and
properties of hadronic resonance states. I have chosen to focus our efforts on resonance states
that involve strangeness. In particular, we have concentrated on the excited Ξ baryons and
the meson resonances that decay KKπ.

As stated in the current NSAC Long-Range Plan [1]: “[t]he new capabilities of the 12-
GeV era facilitate a detailed study of baryons containing two and three strange quarks.
Knowledge of the spectrum of these states will further enhance our understanding of the
manifestation of QCD in the three-quark arena.” It is our goal to provide the detailed data
regarding the excited Ξ baryons.

Improving our understanding of quark confinement in hadrons requires deepening our
insight into the gluonic fields within those particles. Exploration of the spectrum and prop-
erties of exotic hybrid mesons has emerged as a key path forward for exploring quark confine-
ment. Indeed, that topic was a major motivation for the upgrade of JLab, and is specifically
mentioned multiple times in the NSAC Long-Range Plan [1].

For our study of mesonic resonances, the primary focus is to assist in fully mapping
out the light meson nonets while pushing upwards in mass towards potential discoveries of
exotic hybrid meson states that decay K∗K̄. The presence of non-standard JPC quantum
numbers would be sufficient to clearly identify a meson as being “exotic”. To assist in the
JPC determination, the degree of photon polarization is very useful. The knowledge of the
degree of photon polarization is required for determining beam asymmetries, which in turn,
help establish the parity quantum number P .

The ASU Meson Physics Group successfully proposed, designed, built, and now operates a
first-of-its-kind triplet-photoproduction photon-polarimeter (TPOL) to measure the degree
of linear polarization of the Hall D photon beam. The group will remain responsible for
determining the polarization of the photon beam for all experiments in Hall D.

During the current award period, undergraduate research has been utilized to good ef-
fect. The undergraduate participants Patrick Walker, Rebecca Osar and Emily Lamagna
worked on CLAS12 data. Mr. Walker presented his work on analyzing K+K− states at the
College of Integrative Sciences and Arts (CISA) Student Research Day [2] and presented an
analysis K∗ K final states at the ASU Undergraduate Physics Symposium [3], successfully
defended his honors thesis, graduated with his B.S degree and won the ASU Department of
Physics Research Award. Ms. Osar presented results from her event generator at the CISA
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Student Research Day [4] and her results of KΛ∗ states electropruduced from the proton
at the ASU Undergraduate Physics Symposium [5]. Ms. Lamagna is in the process of an-
alyzing the reaction ep → epφπ and showed her work at the ASU Undergraduate Physics
Symposium [6]. Additionally, undergraduate student Anna Costelle won the ASU Women in
Physics Award for Undergraduate Research for her presentation describing the development
of an event generator for strangeness states [7]. In May of 2020, undergraduate student
Mohamed Mohamed won the CISA Undergraduate Research Award for his work on energy
deposition studies using the Monte Carlo simulation software GEANT4 [8] and for a study
on the use of decision trees to assist in particle identification [9]. Undergraduate student
Kevin Scheuer presented his study of machine learning methods for Kπ at the spring 2020
CISA research symposium [10].

While we are very proud of our undergraduates, the primary focus of our work is ac-
complished by our graduate students. Graduate student Sebastian Cole (now Dr. Cole)
successfully defended his dissertation that was based on studies utilizing AmpTools (partial
wave analysis software) to find the J = 0, J = 1 and J = 2 contributions to the mass spec-
trum of K∗ K states in the mass region below 1.6 GeV. Sebastian won the CISA outstanding
graduate student award in December of 2020. Graduate student Brandon Sumner has refined
his preliminary cross sections for γp→ K+K+Ξ−(1530), where Ξ−(1530)→ Ξ−π0. Brandon
has also begun analyzing data for excited cascades to decay Ξ0π− as well as to K−Λ. Grad-
uate student Alan Gardner just finished his first year and assisted Sebastian Cole in building
code used in the partial wave analysis of the K∗ K from GlueX data. Prior to his graduate
studies, Alan conducted a preliminary search for the Ξ− baryon using CLAS12 data.

The Primary Investigator (PI) performed studies of systematics of the polarization mea-
surement from the ASU triplet polarimeter associated with the converter thickness, per-
formed final-stage analysis of polarimeter data for the 2020 data set (ongoing) and assisted
students in analysis projects related to GlueX and CLAS12 data.

This proposal seeks support for a program of measurements that will provide improve-
ments in our knowledge of hadron spectroscopy, focused on activities at Jefferson Lab (JLab)
(1) within Hall B using the CEBAF Large Acceptance Spectrometer (CLAS) newly upgraded
for experiments using the 12 GeV beam at JLab (CLAS12) and (2) within Hall D using the
GlueX detector.

We will obtain and analyze data using the GlueX and CLAS12 detectors to explore the
spectrum of multi-strange-quark baryons in order to assist in resolving the missing resonance
problem for Ξ states and to refine our knowledge of the excited Ξ properties. We will also map
out the light mesons that decay KKπ with a particular interest in finding meson resonances
that exhibit exotic JPC quantum numbers.

Currently, the ASU Meson Physics Group is comprised of the principal investigator As-
sociate Professor Michael Dugger, Graduate Research Assistant Brandon Sumner, Graduate
Research Assistant Alan Gardner, senior undergraduate student Shane Watters, senior un-
dergraduate student Emily Lamagna and junior undergraduate student Rebecca Osar. The
proposal seeks funding for supporting the principal investigator (PI), two graduate students
and to assist in undergraduate participation in remote meetings.
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2 Research to be undertaken under proposed award
Prior to any analysis performed to uncover hadronic states within physical data, that data
must be aquired using specially designed, built and operated detector systems. I provide a
brief overviews of those detector systems used in measuring the data that are to be further
analyzed.

2.1 The CLAS12 detector
While the CLAS12 detector is designed primarily to measure deeply exclusive scattering using
electron beams, a forward tagger has been installed within CLAS12 that enables quasi-real
photon experiments with q2 as low as 0.01 GeV2. The ASU efforts in Hall B make use of
this forward tagger to perform photoproduction measurements from the cryogenic hydrogen
target within the CLAS12 detector.

As seen in Fig. 1, CLAS12 is composed of two main detector arrays: the Central Detector
(CD) and the Forward Detector (FD). The FD covers the range of 5◦ to 40◦ in polar angle,
whereas the CD covers the polar angles from 40◦ to 135◦.

Figure 1: Schematic diagram for CLAS12. The labeled
subsystems are described in the text.

A cryogenic target cell is
located at the center of the
cylindrically-symmetric CD. Sur-
rounding the cryogenic target cell
is a Silicon Vertex Tracker (SVT).
Outside the SVT is the cylindrically-
symmetric Central Time-of-Flight
system (CTOF). The Central Elec-
tromagnetic Calorimeter forms the
next cylindrical layer, consisting
of a scintillating-fiber/tungsten-
powder array. These detectors are
housed within a 5-T superconduct-
ing solenoid magnet of aperture
0.78 m. The original CLAS su-
perconducting toroidal magnet has
been repurposed for CLAS12, with
the same six-sector azimuthal sym-
metry as the original detector.

Downstream of the SVT are the
High Threshold Cherenkov Coun-
ters and the Forward Tagger (FT)
arrays. Electrons that scatter with
angles between 2.5◦ and 4.5◦ are detected in the FT, enabling quasi-real photon experiments
such as those we will undertake in this work. Beyond the FT are three regions of drift cham-
bers, forming the Forward Tracking Chamber (FTC). Downstream of the FTC are the Low
Threshold Cherenkov Counters (LTCC). As with the LTCC, the Forward Time-of-Flight
(FTOF) system has the same geometry as the original CLAS system. The detector furthest
downstream is the Forward Electromagnetic Calorimeter, an array retained and repurposed
from the original CLAS detector.
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2.2 The GlueX detector in Hall D
The Hall D GlueX detector (Fig. 2) was built to search for gluonic excitations within mesons
with masses up to 2.5 GeV [11,12].

Electrons with energies of 12 GeV incident on a thin (50 or 20 µm) diamond radiator
produce a beam of linearly polarized photons (≈40% polarization) with Eγ = 8.5-9 GeV.
The tagging of the post-bremsstrahlung electron determine the photon energy to within
0.1%. The photons strike a 30-cm-long liquid hydrogen target surrounded by a start counter.
Past the start counter, the next detector elements are cylindrical drift-chambers, which are
surrounded by a cylindrical electromagnetic calorimeter made of lead and scintillating fibers.
The target, start counter, drift chambers, and electromagnetic calorimeters are all contained
within a refurbished 2.25 T superconducting solenoid that provides the momentum-analyzing
magnetic field. On the downstream side of the solenoid is a time-of-flight system and a 3000-
element lead-glass electromagnetic calorimeter. For 9 GeV incident photons, the GlueX
detector has 4π acceptance for photons and charged particles to facilitate the partial-wave
analyses of many-particle final states. The acceptance of final-state particles is typically
better than 95%, and is very uniform over the detector. Moreover, the near hermetic design
of the detector is well suited for determining the masses and JPC for mesons with masses
from 1.5 to 2.5 GeV/c2.

barrel

calorimeter

(BCAL)

time-of

-flight

(TOF)
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superconducting

magnet
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Figure 2: Diagram of Hall D and the GlueX detector.

For increased preci-
sion in kaon particle iden-
tification, the newly ac-
quired DIRC (Detection
of Internally Reflected
Cherenkov) is placed just
in front of the FCAL. The
DIRC has as the main
component four boxes filled
with fused silica bars
from the BaBar experi-
ment. When installed
in the BaBar experi-
ment, these boxes pro-
vided good kaon separa-
tion up to 4 GeV [13].
Similar performance is
expected when utilized for the GlueX experiment, greatly improving kaon identification,
which will facilitate many analyses including those ASU is particularly targeting.

2.2.1 TPOL: The ASU triplet polarimeter

The partial-wave analyses to be undertaken in the GlueX search for hybrid mesons require
an absolute uncertainty of ±0.04 in the photon beam polarization. In order to obtain that
goal, the ASU Meson Physics Group designed and constructed a detector system (called
TPOL) that measures photon beam asymmetries with this triplet production process (pair
production off a recoiling atomic electron), and installed the system in the Hall D beamline.

TPOL uses a double-sided silicon strip detector (SSD) manufactured by Micron Semi-
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conductor to measure timing, energy deposition, and the azimuthal distribution of recoil
electrons coming from the triplet production process. To determine the degree of photon
beam polarization P in practice, the value of B obtained from fitting the azimuthal distri-
bution to A [1 +B cos(2φ)] is divided by the analyzing power Σ.

ASU is positioned to continue providing the important polarization information for all
Hall D experiments with TPOL during the proposed award period.

2.3 Probing the Ξ baryon spectra
Studies of two and three-strange-quark baryons have great potential to enhance our under-
standing of the QCD structure within baryons. The “computational cost” for predictions
using lattice QCD are greatly influenced by the number of light quarks (u and d) present in
the baryon studied. For that reason, studies that extend our knowledge of the properties of
states with two strange quarks should be extremely useful in deepening insight into how all
baryons are assembled from quarks.

Table 1: “Well-known” Ξ resonances
listed in the PDG summary [14].

State JP Width PDG
(MeV) rating

Ξ 1
2

+
****

Ξ(1530) 3
2

+
9.1 ****

Ξ(1690) ?? <10 ***

Ξ(1820) 3
2

−
24 ***

Ξ(1950) ?? 60 ***

Ξ(2030) ≥ 5
2

?
20 ***

The ASU group is participating in experiments
which will provide the largest-ever sample of pho-
toproduced cascade Ξ baryons. Using the CLAS12
and GlueX detectors, our measurements should
greatly enhance knowledge of the excitations of these
baryons, which in turn will provide an empirical
“proving ground” for QCD-based descriptions of
baryons with varying numbers of heavy quarks.

While the “missing resonance” problem for the nu-
cleon system is much discussed, the missing resonance
problem is even more striking when looking at the Ξ
sector. For example, the Isgur and Capstick relativistic constituent quark model [15] predicts
44 Ξ states with masses below 2.5 GeV, yet the PDG [14] only lists six cascade resonances
with ratings of three or four stars, as indicated in Table 1.

Table 2: PDG values for branching
ratios of excited Ξ states [14].

State ΛK ΣK Ξπ

Ξ(1530) 100 %
Ξ(1690) seen seen seen
Ξ(1820) large small small
Ξ(1950) seen seen? seen
Ξ(2030) 20% 80% small

Looking more closely at the Ξ states, photopro-
duction cross sections for Ξ resonance states are ob-
served to be much smaller than for nucleon reso-
nances. However, the widths of the Ξ excitations
are much narrower than those for the nucleon, which
should make them easier to identify [16]. As seen in
Table 1, the well-known cascade resonances also have
mass separations that are greater than the resonance
widths, which again should make identification of ex-
cited Ξ states far easier than for the N∗ and ∆ states (with widths of ∼150 MeV). Even with
those advantages, however, no new cascade states have been discovered in the last 20 years.
The large solid angle of the CLAS12 and GlueX detectors permit using exclusive reactions
to markedly reduce backgrounds. Moreover, the detectors simultaneously measure Ξ∗ decay
modes, allowing for the determination of branching ratios that are, as shown in Table 2, not
well determined for most of the three and four star Ξ∗ states [14]. Of particular interest is
the apparent suppression of the excited cascades going to Ξπ. For the Ξ(1530), the branch
to Ξπ is given in the PDG as 100%, but for all other cascades, the observed decay branches
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are merely characterized as “small” or “seen”. Measuring the Ξ∗ branching ratios for states
that decouple from Ξπ can help shed light on why the Ξ∗ have such narrow widths.

2.4 Exotic hadrons
To deepen understanding of how confinement arises, ASU is working with the GlueX Col-
laboration in Hall D to search for exotic hybrids with masses up to 2.5 GeV. Exotic hadrons
(“exotics”) are classified as one of three types: glueballs, tetraquarks, and hybrids. Glueballs
are states that completely lack valence quarks. The lightest glueballs should have JPC = 0++

or 2++, and are expected to mix with constituent quark states with the same quantum num-
bers. Tetraquarks are comprised of two qq states, and are the product of two SU(3) octets
that can be represented as

8⊗ 8 = 27⊕ 10⊕ 10⊕ 81 ⊕ 82 ⊕ 1.

Hybrid states in a constituent qqg model are built from the usual qq constituent-quark
representation with the promotion of one or more gluons from virtual to real. For a hybrid
state, a qq colored state interacts with real constituent colored gluon(s) to form an overall
colorless state. In contrast to glueballs and tetraquarks, hybrids are only expected to exist in
nonets similar to those for the constituent quark model. Exotics, however, can have quantum
numbers JPC that differ from those of hadrons constructed with the simple constituent quark
model. Finding particles with exotic quantum numbers JPC serves as the “smoking gun”
for determining if a state is exotic.

Some guidance in the search for hybrid states has come from lattice QCD predictions.
For example, a lattice calculation performed by the Hadron Spectrum Collaboration (HSC)
in 2013 [17] found hybrid states in supermultiplets with JPC = 0+−, 1−+, 2+−, and 1−−.
This HSC model description suggests that those hybrids have the structure ([qq]8c ⊗G8c).
States of particular importance for the search of hybrids have the exotic quantum numbers
of JPC = 0+−, 1−+, 2+−.

Table 3 shows several possible decays of exotic mesons of interest for the GlueX exper-
iment. Currently, there are two exotic JPC = 1−+ states (π1(1400) and π1(1600)) listed by
the Particle Data Group [14]. For the π1(1400), the decay modes that have been seen are ηπ0

and ηπ−, while for π1(1600) the decays seen are b1π, η′π− and f1π. The interpretation of the
π1(1400) as a hybrid is problematic [18–20]. A hybrid meson (qqg) state can either have an
angular excitation between the quark+anti-quark system and the gluon (said to be “gluon
excited”) or the excitation can be exclusively between the quark and anti-quark (“quark
excited”). For the gluonic angular-excitation, within the qqg constituent model, a decay of
a hybrid into two fundamental mesons is suppressed. This would make the π(1400) → ηπ
decay unlikely in the gluon-excited case. However, a quark excitation can proceed into two
fundamental mesons, though the branch into the η-singlet is favored over the η-octet. Since
no search for π(1400)→ η′π has been successful, there is some doubt that the π1(1400) is a
hybrid. Instead, some have suggested that the π1(1400) is a tetraquark state [18–20].

In addition to the π1 exotic states, there should be corresponding isospin I = 0 nonet
members if the π1 is a hybrid. Establishing these isoscalar members for the nonets is
important in order to verify these exotics as being hybrids. The tetraquark state with
JPC = 1−+ excludes the presence of an isosinglet, and is fully contained within the 20-plet
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Table 3: Possible decay modes of exotic hybrids that will be explored by GlueX.

Hybrid Reachable with Reachable with Challenging even
meson JPC limited running longer running with longer running
b0 0+− — — π(1300)π, h1π,

f1π, b1π
h0 0+− — b1π h1η
h′0 0+− — K1(1270)K K(1460)K, h1η
π1 1−+ πρ πb1, πf1, πη

′ ηa1
η1 1−+ ηf2, a2π ηf1, ηη

′ π(1300)π, a1π
η′1 1−+ K∗K K1(1270)K, K1(1410)K, —

K∗2K, ηη′

b2 2+− ωπ, a2π, ρη — f1ρ, a1π, h1π, b1η
h2 2+− ρπ b1π, ωη f1ω
h′2 2+− — K1(1270)K, K1(1410)K f1φ

K∗2K, φη

(10⊕10). Thus, identifying an isosinglet state with JPC = 1−+ excludes that state as being
a tetraquark.

In ASU’s Hall B studies, the group extensively utilized the η and η′ to filter out I = 3/2
resonances from the nucleon resonance spectrum. For Hall D, we will similarly use the η′1
to filter out tetraquark states from the spectrum of exotic meson states. The K∗K̄ branch
is a prime candidate for early detection of the η′1 hybrid. However, prior to our search
for η′1 → K∗K̄, we have decided to map out the lower mass states going K∗K̄, eventually
working our way towards the expected mass range of the η′1 hybrid of about 2 GeV.

2.5 Past accomplishments and works in progress
The ASU Meson Physics Group has been working on electro- and photo-produced reactions
from the proton. For the electro-production work we have primarily utilized undergraduates
to isolate a variety of strangeness containing states. The graduate students work on GlueX
photoproduction data to uncover Ξ∗ baryons, and meson states that decay K+K−π0.

Figure 3: Invariant mass of
K+Λ(1520).

Due to the transient and unpredictable nature of
including undergraduates in advanced scientific study,
the direction of the undergraduate work is completely
determined by opportunity and is not planned far in
advance. As stated in the introduction, our under-
graduates have investigated ep → epK∗K (Patrick
Walker [2,3]), ep→ eKΛ(1520) (Rebecca Osar [4,5]),
ep→ epφπ (Emily Lamanga [6]) and γp→ pφ (Anna
Costelle [7]). In addition to the work listed above,
the undergraduates have participated in the investi-
gation of machine learning algorithms (Mohamed Mo-
hamed [9], Kevin Scheuer [10]). Some of the under-
graduates have won local ASU awards for their work: Patrick Walker (ASU Department of
Physics Research Award), Anna Costelle (ASU Women in Physics Award) and Mohamed
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Mohamed (CISA Undergraduate Research Award).
In order to keep the discussion of our undergraduate work to be of reasonable length, I

only highlight the work performed by Ms. Osar towards obtaining cross section measure-
ments for ep→ eN∗ where N∗ → KΛ(1520). Ms. Osar’s analysis has progressed more than
the other undergraduates in the group. She has background subtracted Λ(1520) signals from
invariant mass K−p events for each bin in invariant mass K+Λ(1520) shown in Figure 3. The
fit shown on the figure (solid black line) has a Gaussian center at 2.299 GeV that coincides
with the two-star N(2300) resonance. Additionally, there is an interesting feature near 3.4
GeV that should be explored. Ms. Osar has recently completed work on a event generator
for the reaction and we are in the process of determining the detector efficiency for the mass
bins given in Figure 3.

The GlueX photoproduction data on mesons that decay K∗K̄ and the isolation of excited
Ξ baryon states forms the most important component of our research and is discussed next.

2.5.1 Work on K∗K̄ states

Former ASU graduate student Sebastian Cole studied mesons that decay by way of K∗K̄.
The invariant mass of K−π0 from γp→ pK+K−γγ events is shown in Figure 4 with vertical
red lines indicating the selection of events with K∗−(892) meson. Taking those events that
are consistent with the K∗−(892) meson, an invariant mass of K∗−(892)K+ is formed (see
Figure 5). Very similar results are obtained for the K∗+(892)K− case where K∗+(892) is
formed from K+π0.
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Figure 4: Invariant mass of K−π0.
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Figure 5: Invariant mass of K∗−(892)K+.
The intensity utilizing a polarized photon beam can be written as [21]

I(Ω,ΩH ,Φ) = I0(Ω,ΩH)− PγI1(Ω,ΩH) cos(2Φ)− PγI2 sin(2Φ), (1)

where Pγ is the degree of the linear polarization of the incident photon beam. Each I in
Equation 1 can be defined in terms of decay amplitudes:

I0(Ω,ΩH) =
κ

2

∑
λ

Aλ(Ω,ΩH)A∗λ(Ω,ΩH) (2)

I1(Ω,ΩH) =
κ

2

∑
λ

A−λ(Ω,ΩH)A∗λ(Ω,ΩH) (3)

I2(Ω,ΩH) = i
κ

2

∑
λ

λA−λ(Ω,ΩH)A∗λ(Ω,ΩH). (4)

8



The amplitudes are then expanded in terms of partial waves

Aλ =
∑
i

∑
m

T iλ,mB, (5)

where T are the partial wave amplitudes and B the matrix element associated with the two
rotations of interest:

B ≡ 〈j1m1j2m2|R(1)R(2)|Jm〉, (6)

where the j1 represents the quantum number for the orbital angular momentum from the
decay of the resonance meson to the K∗ vector meson and the pseudoscalar K̄ meson, with
the j2 quantum number being associated with the spin of the K∗ vector meson. The rotations
R(1) and R(2) act on |j1m1〉 and |j2m2〉, respectively.

The matrix element can be put into the form

B =
∑
m′′

2

∑
m′

〈Jm′|j1m1j2m
′′
2〉DJ∗

mm′(Rp
r)D

j2∗
m′′

2m2
(Rp

v), (7)

where 〈Jm′|j1m1j2m
′′
2〉 is the Clebsch-Gordan coefficient that connects the initial and final

configurations of angular momentum and the terms of the form Dj
mn are Wigner D-Functions,

with Rp
r being the passive rotation pointing towards the K∗ as measured in the helicity frame

of the resonant meson and Rp
v being the passive rotation pointing towards the π as measured

in the helicity frame of the K∗ vector-meson.

Figure 6: M(K∗K̄),
J = 0 from PWA.

Figure 7: M(K∗K̄),
J = 1 from PWA.

Figure 8: M(K∗K̄),
J = 2 from PWA.

Invariant mass distributions for K∗K̄ with J = 0, 1, 2 values determined by PWA can be
seen in Figures 6, 7 and 8, respectively. For each Figure 6 through 8, the red line represents
a total fit to the data. For J = 0 (Figure 6) the green line represents the η(1405), while
blue is the η(1475) and the yellow line is a third-degree polynomial background. For J = 1
(Figure 7) the magenta line represents the f1(1420), the green line represents f1(1510) and an
exponential background is cyan. For J = 2 (Figure 8) the green line represents the f2(1430),
the blue line represents f ′2(1525) while the background contribution is assumed as the tail of
the f2(1260) shown in magenta.

The fit parameters, along with PDG values, for each of the extracted mesons shown in
Figures 6-8 can be found in table 4.
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J PID PDG center PDG width Fit center Fit width
(MeV) (MeV) (MeV) (MeV)

0 η(1405) 1408.8± 2.0 50.1± 2.6 1406± 2 49.46± 7.07
0 η(1475) 1475± 4 90± 9 1475± 10 105.8± 2.24
1 f1(1420) 1426.3± 0.9 54.5± 2.6 1436± 11 48.40± 4.17
1 f1(1510) 1518± 5 73± 25 1503± 5 71.78± 12.76
2 f2(1430) ∼1430 NA 1438± 4 62.36± 5.70
2 f2(1525) 1517.4± 2.5 86± 5 1538± 4 90.03± 13.73

Table 4: Comparison of the Fit Parameters for Figures 6-8 With Respect to the PDG.

Of particular interest are the η(1405) and f2(1430) states. The η(1405) has not been seen
in γγ collisions, pointing to a possible large gluonic content, while the f2(1430) is a state
that is omitted from the PDG Summary Tables due to a paucity of data. Each of these
potentially interesting states (η(1405) and f2(1430)) appear to show up rather strongly in
our studies. Our evidence of f2(1430) will hopefully help more firmly establish that particle.

Graduate student Alan Gardner has studied KKπ states that serve as backgrounds to
the KK∗ states. Gardner isolated KKπ states that exclude K∗ and presented his results at
the 2021 APS Division of Nuclear Physics [22].

2.5.2 Work on Ξ∗ states

Figure 9: Mass of Λπ− versus confidence
level.

Figure 10: Invariant mass of Λπ− when
confidence level is > 10−4.

Graduate student Brandon Sumner is heading up the Ξ∗ analysis effort for the group. The
analysis starts with a kinematic fit. The initial reaction of interest is γp → K+K+π0Ξ−,
where Ξ− → Λπ−. The Λ and π0 are constrained to the PDG masses within the kinematic
fit, whereas the Ξ− mass is not. A plot of the confidence level from kinematic fitting versus
the invariant mass of Λπ− is shown in Figure 9. Mr. Sumner performed a study to determine
the confidence level that minimizes the fractional uncertainty of extracted Ξ(1520) states,
and found it best to accept all events with a confidence level greater than 10−4. Using a
confidence level of 10−4, an invariant mass of Λπ− given in Figure 10 is determined, where
the peak at 1.320 GeV is the ground state Ξ. The Ξ is then defined as those events with
invariant mass Λπ− between 1.31 and 1.34 GeV.
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Figure 11: Simultaneous fit of Mass[Ξ∗] branches:
Ξ−∗ → K−Λ (top) and Ξ−∗ → Ξ−π0 (bottom).

In addition to exploring the
branch Ξ−∗ → Ξ−π0, we in-
vestigate the branch Ξ−∗ →
K−Λ. For the case of Ξ−∗ →
K−Λ, the Λ is not constrained
and a confidence level study is
performed on the Ξ(1820) in
a similar manner as described
for the Ξ−∗ → Ξ−π0 branch
using Ξ(1530).

A simultaneous fit was per-
formed on Ξ−∗ states utilizing 2018
data for both branches described
above. Figure 11 shows the in-
variant mass of K−Λ from the
reaction γp → K+K+K−Λ in
the top panel, while the bottom
panel shows the invariant mass of
Ξ−π0 from the reaction γp →
K+K+Ξ−π0. The fit consists of
four Ξ−∗ states (Ξ(1530),Ξ(1620),
Ξ(1690), Ξ(1820)) along with polynomial backgrounds. The simultaneous fit constrained
the center and widths of the Ξ∗ states to be identical for both top and bottom panels of
Figure 11, but allowed the amplitudes to vary independently. For both branches within the
simultaneous fit, the background was described by a third degree polynomial with param-
eters being independent between the branches. Within Figure 11, solid lines represent the
full fit, dashed-dotted lines are the polynomial backgrounds with solid colors representing
the Ξ∗ states, where blue is Ξ(1530), turquoise represents Ξ(1620), green is the Ξ(1690) and
red is the Ξ(1820).

Figure 12: Preliminary cross section of
Ξ−(1530).

The Ξ(1530) is a four-star state, Ξ(1690)
and Ξ(1820) are three-star, and the Ξ(1620)
is a one-star that is omitted from the sum-
mary table. Although the Ξ(1690) has a
three-star designation, the PDG still lists
the JP as unknown with JP =?? with an
unknown branching ratio Γ(K−Λ)/Γ(Ξ−π0)
that we plan to measure.

Detector simulation studies have been
performed for the Ξ(1530) state to allow
for detector efficiencies to be calculated uti-
lizing a custom event generator. Due to
OZI suppression, a two step process is likely.
Brandon Sumner created a generator that
matches the reaction of interest: γp → K+Y , where Y is a very wide high-mass hyperon
that decays Y → K+Ξ−∗. Preliminary γp → K+K+Ξ(1530) cross sections in term of inci-
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dent photon energy are shown in Figure 12.
Figure 13 shows the efficiency corrected yield of extracted Ξ−(1530) versus the cosine

polar angle of the ground state Ξ as seen in the Gottfried-Jackson frame (cos θGJ). The
efficiency corrected yield was fit to the partial wave expansion given by C.W. Salgado and
W.P. Weygand for two body decays [23]:

|A|2 =

∣∣∣∣∣BJlms

∑
λ1λ2

DJ∗
mλ(ΩGJ)〈l0sλ|Jλ〉〈s1λ1s2(−λ2)|sλ〉

∣∣∣∣∣
2

, (8)

Figure 13: Efficiency corrected yield of Ξ−(1530) versus
the cosine polar angle in the Gottfried-Jackson frame
(cos θGJ). Red line represents fit to J = 1/2, 3/2 partial
waves.

where, BJlms is the fit param-
eter that absorbs all factors that
are angular independent, λ1 and
λ2 are the helicities of the decay
products, ΩGJ represents the an-
gles of the ground state Ξ rela-
tive to the Gottfried-Jackson rest-
frame of the Ξ(1530), J is the total
angular momentum of the Ξ(1530),
l is the orbital angular momen-
tum of the ground state Ξ having
a z−projection m, with the spin
of the ground state Ξ being repre-
sented by s.

The Bjlms fit parameters for the
fit shown in Figure 13 that utilized
Equation 8, favors the J = 3/2 par-
tial waves more than 15 times more
than the J = 1/2 partial wave components. The determination of J = 3/2 for the Ξ(1530)
matches the known value.

2.6 Publications during the current grant
Several papers have been published during the current grant period [24–36]. Of those
papers, we had direct involvement in writing the text related to the triplet polarimeter
for the GlueX beamline and detector paper [30] and for providing the polarization values
used in the determination of beam asymmetries for the photoproduction from the proton
for η, η′ [34]; K+Σ0 [32] and π−∆++ [28]. We provided the initial event generator used for
background studies for the early analysis of Jψ that eventually led to publication [35]. The
π−∆++ [28] paper utilized a method developed by the PI for the determination of beam
asymmetries [37] and the PI had discussions with the person that led the GlueX analysis
effort (J. Zarling) regarding the implementation of that method. The PI was heavily involved
with the FROST group prior to this current grant and two of the papers [24, 36] were from
those efforts. The remaining papers had involvement from group members that was less
substantial than described above.
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3 Research plan
The timeline given here represents a “good faith” estimate that assumes that funds for the
proposed work are awarded at the level requested and no unforeseen issues arise.

A bulleted list of milestones can be found in section 8.
Throughout the grant period, additional data will be taken with both Halls B and D and

we will contribute towards the normal collaborative service work expected from us. For the
GlueX collaboration in Hall D, we will continue our responsibility for maintaining the ASU-
built triplet polarimeter. We will also continue analyzing TPOL data required for providing
the GlueX collaboration the measured values of polarization for the photon beam that is
incident on the GlueX target. As analyses progress, preliminary data will be presented at
workshops and meetings. We will be deeply engaged in multiple analyses from both Hall B
and GlueX running, will have mature software tools for analyzing data from those facilities,
and be able to fold additional students into the ASU efforts.

During Year 1, graduate student Alan Gardner will begin working at Jefferson Lab. Alan
will push forward with his partial wave analysis of resonant mesons with K+ K− π0 decay
products. A second graduate student funded by the new award will enter the group to extend
the cascade analysis of Brandon Sumner

During Year 2, Alan Gardner will return to ASU and will push the K∗K analysis as far
past 2 GeV as is reasonably possible. Mr Gardner will provide his prospectus and successfully
complete all other requirements to obtain the status of PhD candidate at Arizona State
University. The second graduate student will begin working at Jefferson Jab and will, along
with the PI and undergraduates, begin to investigate the analysis of Ξ∗ states from Hall-B
data as a possible supplement to our other Ξ∗ data.

During Year 3, The second graduate student will return from Jefferson Lab. and continue
searching for cascade states within the data from Halls B and D. Alan Gardner will finish
our work on the exploration of meson resonances with K+ K− π0 decay products, provide
the GlueX collaboration with an analysis note regarding his studies and, ideally, lead in the
publication of the results. By the end of the third year of the award period, Alan Gardner
will have successfully defended his dissertation and will have received his Ph.D.

4 Impact of other work on this grant’s resources
PI Dugger is a tenure-track faculty member at ASU with an academic year contract. ASU
requires all tenured and tenure-track faculty members to contribute effort during the aca-
demic year in the areas of teaching, research, and service. The vast majority of the research
effort from the PI during the academic year is committed to the research to be undertaken
in this proposal, with two months of summer effort entirely committed to this proposal. The
PI has no effort committed to any other proposal.

5 Human resource development
Based at one of the nation’s largest and most diverse major public research universities,
instruction and mentoring form a central feature of this project. In addition to the training
and mentoring, the students develop professionally by presenting their results at a variety
of meetings.
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As expected, the scientific results of the investigations outlined in Section 2 will be
broadly disseminated through national and international conference presentations, work-
shops, reports, and refereed publications, and will be archived in public databases.

As indicated in Sections 1 and 2.5, there have been numerous occasions where under-
graduate students have presented their work at ASU. Not mentioned, thus far, were the times
that undergraduate students Emily Lamagna, Rebecca Osar, or Patrick Walker presented
results to the CLAS12 Very Strange Group.

The graduate students have presented results in GlueX working groups, collaboration
meetings, and to a wider physics audience at meetings of the APS. Sebastian Cole presented
K∗K events at the Fall Meeting of the APS Division of Nuclear Physics (DNP) in 2019 [38],
Alan Garner presented is work at the APS DNP meeting in October 2021 [22], while Brandon
Sumner presented his results at the APS April Meeting in 2021 [39] and the APS DNP
meeting in October 2021 [40].

6 Requested resources and justification
The justifications for the items listed in the proposal budget are provided here.

6.1 Senior personnel∗

Michael Dugger, (Principal Investigator). Funds totaling $59,141 are budgeted to
provide PI Dugger with 2.0 months of summer salary support in each year of the project.
The PI has extensive experience working in both Halls B and D at Jefferson Lab. While
active in all areas of the project, the PI will have specific responsibility for mentoring the
graduate students and working on the hadronic production efforts in Halls B and D.

6.2 Other Personnel∗

6.2.1 Graduate Research Associates

Graduate Research Assistants (GRAs), TBD. Funds totaling $170,000 are budgeted
to support two GRAs on the project. In each project year, the GRAs will contribute effort
at 20 hours per week during the 9-month academic terms and at 20 hours per week during
the 3-month summer terms. Graduate student salaries listed in the budget are based on
the standard rate for graduate research assistants in the Department of Physics. Student
participation will greatly enhance the productivity of the group beyond the efforts of the PI
and will also deliver human resource benefits by enhancing the nation’s supply of well-trained
scientists.

* An estimated cost escalation has been included in the out years, consistent with ASU
policy.

6.3 Fringe benefits.
Arizona State University defines fringe benefits as direct costs, estimates benefits as a stan-
dard percent of salary applied uniformly to all types of sponsored activities, and charges
benefits to sponsors in accordance with the federally negotiated rates in effect at the time
salaries are incurred. Benefit costs are expected to increase annually; the rates used in
the proposal budget are based on the current federally negotiated Rate Agreement plus an-
nual escalation for out years. The estimated cost of the Employee-Related Expenses (ERE)
associated with this proposal is $35,067 and is based on the following rates:
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• Faculty members: 27.3%, 28.12%, and 28.96% of salary for Year 1, 2, and 3, respec-
tively.
• Graduate research assistants/associates: 10.51%, 10.83%, and 11.15% of salaries for

Year 1, 2, and 3, respectively.

6.4 Equipment
No funds are requested for equipment.

6.5 Travel
Domestic Travel ($59,245 total). Funds totaling $59,245 ($18,539 in Year 1; $21,101
in Year 2; and $19,605 in Year 3) will facilitate the travel of the PI and other members
of the investigative team to Jefferson Lab to conduct the project’s research, as well as to
attend domestic research conferences. Lodging and per diem rates are calculated at State
of Arizona standard rates. ASU’s travel system software provider, Concur Technologies,
assesses a minimal charge per person for each travel expense report submitted. This expense
is a direct cost charged per trip and is included as part of the estimated cost budget. Year 1
base rate details have been provided; an estimated cost escalation has been included in the
out years, consistent with ASU policy.

For each year of support, we have allocated five trips to Jefferson Lab, with three of those
trips having a duration of ten days and nine nights, and the remaining two JLab trips having
durations of six days and five nights. These trips will enable at least one additional person
from ASU beyond the on-site graduate student to participate in collaboration activities, meet
service obligations, discuss analyses and results with collaborators, and make presentations
at collaboration meetings. Year 1 base expenses include: roundtrip airfare to Virginia for
$400, lodging at $115/night, per diem at $51/day, $100 for ground transportation and an
$11 ASU Concur travel fee ($8,952 for Year 1; $9,221 for Year 2; and $9,496 for Year 3).

Travel required of graduate students for long-term stay at Jefferson Lab is comprised of
two separate two-way trips. Each leg of the long-term trip is assumed to be by automobile
requiring four nights lodging and five days per diem. The first leg of one graduate student’s
long-term trip is scheduled for the first year, with return leg during the second year. The
second graduate student is scheduled to leave during the second year and return on the third
year. Year 1 base expenses for each way include: 4 nights lodging at $147/night, 5 days per
diem at $56/day, $100 for incidentals, $1,028 for milage, and an $11 ASU Concur travel fee
($2,007 for Year 1; $4,073 for Year 2, when one student is returning and one is arriving; and
$2,067 for Year 3).

In addition to the JLab trips, four trips are allocated per year for giving talks at confer-
ences. Washington, DC has been used for trip estimation purposes. Year 1 base expenses
include: $400 for roundtrip airfare, 4 nights lodging at $251/night, 5 days per diem at
$66/day, $150 for registration fees and an $11 ASU Concur travel fee ($7,580 for Year 1;
$7,807 for Year 2; and $8,042 for Year 3).

6.6 Other direct costs
Materials and Supplies ($10,675). Funds totaling $10,675 ($3,675 in Year 1; $3,630
in Year 2; and $3,370 in Year 3) have been budgeted for the purchase of materials and
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supplies that are necessary to conduct project objectives. Materials to be purchased include
computing equipment replacement and repair (including upkeep of the computer clusters),
plus additional funds for miscellaneous supplies and consumables.

Tuition and fees ($128,998). Tuition for graduate students is included as a manda-
tory benefit for graduate students employed by the university and is charged to projects
in proportion to the amount of the effort the graduate students will work on the project.
For graduate student employees working during the summer, one credit of summer tuition
remission is charged to the given sponsored project per summer, regardless of (a) number of
credits registered, (b) number of hours worked, or (c) whether working during one or both
summer sessions. Tuition charges are exempt from the Facilities and Administra-
tive (F&A) costs. Below are per student costs for one full-time student: Year 1 - $19,868;
Year 2 - $21,457; Year 3 - $21,457.

No participant costs or equipment purchases are budgeted.

6.7 Total direct costs
The total direct costs for each budget year of this award will be $147,088, $155,681, and
$160,357 for Years 1, 2, and 3, respectively.

6.8 Facilities and Administration (F&A; Indirect/Overhead) Costs

The total indirect costs associated with this project are $86,873. Indirect costs are cal-
culated on Modified Total Direct Costs (MTDC) using rates approved by the U.S. De-
partment of Health and Human Services (DHHS)—26% for FY2022 and thereafter for off-
campus sponsored research, based on the university’s current Rate Agreement. MTDC
includes salaries and wages, fringe benefits, materials and supplies, services, publications,
rental/equipment/software fees, travel, and the first $25,000 of each sub-award. Exclusions
from MTDC include graduate student tuition remission, participant support, sub-awards
over the first $25,000, capital equipment, and scholarships/fellowships.

6.9 Total Direct and Indirect costs
The total direct and indirect costs being requested for each 12-month period of this award
amount to $175,000, $185,000, and $190,000 for Years 1, 2, and 3, respectively. The total
over the requested three-year periods $550,000.

7 Institutional support
Arizona State University provides support to to ASU Meson Physics Group at the Polytech-
nic campus located in Mesa, AZ. ASU provides utilities, basic telecommunication service,
1 Gbs internet access, approximately 500 square feet of dedicated lab space, and sufficient
office space for the principal investigator. These institutional resources are sufficient to sup-
port the research efforts related to this proposal for all group members with the proposal
funded at the level requested.

8 Summary of meaningful metrics
Metrics that are common to each year:

• TPOL (GlueX)
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– Provide polarization values for data taken during previous year

• Search for strangeness (CLAS12)
– The PI will continue to assist in analysis issues that arise regarding strangeness

production using CLAS12.
– Undergraduate students will obtain experience in analyzing nuclear physics data

by reconstructing various strangeness states.

Metrics specific to year 1:

• Meson resonance analysis (GlueX)
– Alan Gardner will improve the PWA results by constraining the fits over the

mass spectrum through Breit-Wigner signals along with background functions
(currently mass fitting is performed after the PWA extraction of definite J states).

– Alan Gardner will extend the fit range to include masses up to 2 GeV.

• Cascade analysis (GlueX)
– Graduate Student number 2 (GS2) will have begun working with the ASU Me-

son Physics Group by becoming familiar with, and continuing the work of (then
graduated PhD student) Brandon Sumner.

Metrics specific to year 2:

• Meson resonance analysis (GlueX)
– Alan Gardner will have pushed his PWA to include mass states as far above 2

GeV as is reasonably possible.
– Alan Gardner will provide his prospectus and successfully complete all other re-

quirements to obtain the status of PhD candidate at Arizona State University.

• Cascade analysis (GlueX and CLAS12)
– GS2 will extend the Ξ∗ PWA to include constraints over multiple decay branches
– GS2 and the PI will start exploring the excited cascade states present in CLAS12

data with an eye towards creating a combining analysis of CLAS12 (electropro-
duction) and GlueX (photoproduction) data for signal that may be too weak to
extract when using only one of the production types.

Metrics specific to year 3:

• Meson resonance analysis (GlueX)
– We will finish our work on the exploration of meson resonances with K+ K− π0

decay products
– Alan Gardner will provide the GlueX collaboration with an analysis note regarding

his studies and, ideally, lead in the publication of the results.
– Alan Gardner will have successfully defended his dissertation and will have re-

ceived his Ph.D.

• Cascade analysis (GlueX and CLAS12)
– GS2 will measure as many branching ratios and other physical parameters related

to Ξ∗ states as is reasonably possible.
– GS2 will extend the Ξ∗ PWA to include constraints needed to couple photopro-

duction data to electroproduction data for any signals that are too small to be
extracted within a single production type.
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B Data management plan

The ASU Meson Physics Group, as a member of the CLAS Collaboration and the GlueX
Collaboration, adheres to the data management practices of those groups, which are con-
sistent with best practices in the field. As is common in experimental hadronic physics,
the data obtained from experiments pass through three stages: raw data, calibrated (or
“cooked”) data, and final results. Data in the first two stages are kept in the storage fa-
cilities at Jefferson Lab, where those data can be accessed and utilized by institutions, like
ASU, that are in the particular collaboration within which the data were taken. As analyses
proceed to the results stage, preliminary results are disseminated in talks and presentations.
With final collaboration approval, the results are published in refereed journals and placed
in collaboration archives for public access.

Expected data: Raw and cooked data are stored physically at JLab. Those JLab
storage resources are multiply redundant in order to prevent any data loss. As is the case
for other groups, the ASU Meson Physics Group makes copies of portions (or, in some cases,
the entirety) of the cooked data for a given running period temporarily using hard drives on
computer resources local to the group; that temporary storage also is usually on redundant
devices. Thus, at any point in the raw and cooked stages, a given set of data may exist on
many other sites than JLab, so preservation is robust. There generally is no attempt by a
local group to permanently store cooked data on local resources. In case of local hardware
failures or human error leading to the loss of data on local resources, those data are re-copied
onto local hardware from the original copies at JLab. Once final results are published, those
results are placed on archives accessible to the general public (e.g. Refs. [41,42]).

Data format: The data format for raw and cooked data for the GlueX and CLAS
collaborations, called EVIO, was developed by JLab; documentation describing the EVIO
format is available in Ref. [43].

Access and data sharing: Raw and cooked data are accessible to members of each
collaboration. A person or institution desiring access to the raw and cooked data must apply
and be accepted for membership within the CLAS or GlueX collaborations. The final data
products of the ASU Meson Physics Group, consisting primarily of cross sections and spin
observables, are made publicly available through publications, talks, and presentations, as
well as in databases such as the SAID database [42] and CLAS Archive [41].

Policies for re-use and re-distribution: Preliminary results often are presented at
open national and international scientific conferences. These preliminary results are inter-
nally reviewed within the respective collaboration prior to presentation, with permission
obtained to present the preliminary results required by the collaboration prior to the pre-
sentation. Such preliminary results are useful in the the initial development of physical
interpretations, and comparison with other world data. Reproduction of preliminary results
is not permitted without explicit permission of the respective collaborations. Once results
have been through the full internal review process within each collaboration, the results are
deemed “final”. The data products are submitted to professional journals and made available
in public databases such as the SAID database [42] and the CLAS Archive [41].
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Archiving of data: As noted above, the raw and cooked data for data runs are archived
on tape on-site at JLab. Final results are archived in databases such as the SAID database
[42] and the CLAS Archive [41].

C Principal collaborators

C.1 Close collaborators

Hall B/CLAS/CLAS12: B. Briscoe (George Washington University), V. Burkert (JLab),
V. Crede (Florida State University), L. Elouadrhiri (JLab), D. Glazier (University of Glas-
gow), L. Guo (Florida International University), K. Hicks (Ohio University), F. Klein (George
Washington University), K. Livingston (University of Glasgow), E. Pasyuk (JLab), J. Price
(CSU Dominguez Hills), D. Sober (CUA), I. Strakovsky (George Washington University)
S. Strauch (University of South Carolina). N. Zachariou (University of York)

Hall D/GlueX: E. Chudakov (JLab), S. Dobbs (Florida State University), P. Euge-
nio (Florida State University), R. Jones (University of Connecticut), D. Lawrence (JLab),
C.A. Meyer (Carnegie Mellon University), M. Shepherd (Indiana University), E. Smith
(JLab), J. Stevens (College of William and Mary), S. Taylor (JLab).

C.2 Advisors and postdoctoral sponsors of the primary investiga-
tor

B.G. Ritchie (ASU).

C.3 Former post-doctoral participants in academic and lab posi-
tions

No former post-doctoral participants.

C.4 Former Ph.D. students in academic and lab positions

Only a single former Ph.D. student (S. Cole) that is newly graduated and looking for suitable
employment.

D Publications
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Table 5: Summary of Publications. Past members of the work effort are marked with an
asterisk(*).

Other Refereed
Name Letter Publications Journals Invited Talks

Faculty/Permanent
Staff

M. Dugger 5 8
Term and Other Staff

S. Cole (*) 1 4
B. Sumner 2

A. Gardner
Total 5 8 0
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F Student tracking information
Table 6: Student tracking information

Date Date
Entered Date Degree

Graduate Joined Degree Awarded /
Student School Group Program (Expected) Advisor

Sebastian Cole August 2015 August 2016 Ph.D. July 2021 M. Dugger
Brandon Sumner August 2017 May 2019 Ph.D. (May 2022) M. Dugger

Alan Gardner August 2020 January 2021 Ph.D. (May 2025) M. Dugger

G Current and pending support

The PI is currently supported by the DOE on the current grant. No carryover is expected
from the current grant to the renewed grant being proposed in this document. Beyond the
current renewal-proposal, the PI has no other pending support.

H Facilities and resources

H.1 Laboratory facilities

Sufficient lab space for small equipment assembly, fabrication of computer systems, and
detector testing has been committed to the ASU Meson Physics Group by ASU within the
College of Integrated Sciences and Arts (CISA) on the Polytechnic campus. A laboratory
space of approximately 500 square feet in size has been committed to the group, and contain
cluster computers that were built by the group. The lab space also include electronic test
benches, as well as workstations for those group personal that are on site at ASU. As needed,
on-site fabrication and assembly of instrumentation at JLab can also take place in areas
provided by JLab for that work.

H.2 Computer facilities

The ASU Meson Physics Group has built cluster computers for data analysis and Monte
Carlo simulations. The initial reduction and calibration of data taken at JLab is performed
on a computer farm provided by that laboratory, and ASU group members are provided full
access to those facilities.

H.3 Office space

At ASU sufficient office space is provided for the PI and ASU Meson Physics Group members.
For those members of the group located on-site at JLab, office space has been allocated by
JLab sufficient for our group.
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H.4 Major instrumentation

Unique and specialized instrumentation are required for performing the research of the ASU
Meson Physics Group described in Section 2 of this proposal. Working with collaborators
from other institutions, this equipment has been designed and constructed within the ex-
perimental halls at Jefferson Lab, specifically Hall B and Hall D. Both halls will provide
polarized tagged photon beams, the cryogenic targets, and the associated detector systems
which will enable the experiments described.
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