MRI Consortium: Development of the Positron Microprobe at the Thomas Jefferson National
Accelerator Facility

a) 1. Instrument Location: The proposed positron beamline will be located in the Free Electron Laser
(FEL) at the Thomas Jefferson National Accelerator Facility (a.k.a. JLab).

2. Classification: MRI-39 Other instruments

3. Justification for submission as a Development (Track 2) proposal

e The end result will be a stable shared-use instrument.

e The instrument will provide much higher beam intensity than provided by a vendor.

e The instrument development will build capacity in several MRI submission eligible organizations.

e The instrument development requires in-house design efforts since it is based on novel design

concepts and advanced Jefferson Laboratory accelerator technology.

The instrument development requires collaboration of Pls that each brings a variety of skills.

e The completed instrument development requirement will be the state-of-the-art, and requires a
significant number of person-hours.

e There is no plug-and-play or assembled instruments to substitute the proposed instrument. Design,
construction, installation, and commissioning require proposed timeframes.

e The instrument development requires a machine shop to fabricate unique components.

o The beam characteristics specifications have 20 — 30% uncertainty in exact achievable parameters.
The proposed specifications are at lower bound of the range according to our calculations, which are
included as a part of the risk mitigation plan.

b) Research Activities to be Enabled

1. Results from prior NSF support:

A) PI: Branislav Vlahovic
Award# 1: PHY 0653424 - for the period 2007-2010, "Pair polarimeter for high-energy linearly polarized
photons”. The polarimeter was successfully designed, developed, constructed, and implemented in JLab
Hall-B experiment. The project also had significant involvement of the students and was important for
educational physics program in NCCU. The polarimeter has the highest analyzing power ever measured
for photons in few GeV region. This was a key motivation for $56M NASA University Research Center
for Astrophysical Device Research and Education grant, which B. Vlahovic received in 2009. One of the
key URC research project is development of the polarimeter for astrophysical applications, which will be
achieved by modifying the polarimeter developed through the NSF support.
Award# 2: HRD 0833184 - 09/10/2008 $5M. Center of Research Excellence in Science and Technology
- computational center at NCCU is now in its 5" year. Developed are five strong research projects, which
span from nanotechnology, nuclear physics, hypernuclear physics, robotics, and geophysics.
Award# 3: Supplements to the CREST grant HRD 1137734 - 04/11/2011 $100,000. Is to extend CREST
research to include Chemistry department and develop research on graphene.
Award# 4: Supplement HRD 1062264 - 09/16/2010 $500,000. To establish computational research on
development of biochemical detectors.
Award# 5: Supplement HRD 1036912 - 07/23/2010 $100.000. To perform computer simulations and
perform experiments to test feasibility of producing the highest intensity positron beam, by modifying
JLab FEL and to submit this MRI proposal.

The faculties associated with the center published during the award periods more than 150 peer
revived publications, had more than 100 presentations on international conferences, and received 5
patents’. In addition, CREST have developed an educational program, which integrates research and
education. It has been supporting 40 graduate students, in which 30 of them received master degree (the
highest degree in our university, until recently) and 10 of them will graduate May, 2013. The center also




helped NCCU to establish the first Ph.D. program in integrated biosciences that just recently enrolled its
first students. Center also has strong outreach activities, such as collaborating in research and education
with all regional minority institutions, community colleges, and high schools. Please see more about the
CREST at our web page crest.nccu.edu.

B) PI: Alexander Weiss
Award Number: NSF-DMR- 0907679 8/01/09 - 7/31/13
Title of previous project: Positron Spectroscopy of Surfaces
Summary of Results of Completed Work: NSF funded research in our lab has led to the development
of a new method for surface analysis, Positron Annihilation Induced Auger Electron Spectroscopy,
(PAES) which has shown itself to be capable of providing surface information not available using
conventional surface techniques. Our studies have demonstrated that this unique method of initiating the
Auger process allows PAES to selectively probe the topmost atomic layer due to the trapping of positrons
in an image potential well at the surface before annihilation. Further, we have demonstrated that PAES
can yield Auger spectra that are free of the large secondary electron background that complicates
conventional Auger spectroscopy while delivering an extremely low energy dose to the sample. The
major findings as a result of this award are published in?®+>%7,
Student Training under Prior NSF Support: Research activities carried out in connection with this
project have provided research training at the forefront of solid state physics, surface science, and nano-
technology to 7 graduate students, K. Shastry, W. B. Maddox, S. Satyal, A. Olenga, W. Decker, S.
Kalaskar, and P. Joglekar together with two undergraduate students, Larry Lim and James A. Reed and 2
senior personnel, Manori Nadesalingam and Cuan-guay Jiang. 4 students have performed Ph.D.
dissertation and M.S. thesis research as part of this project: K. Shastry, S. Kalaskar, W. Maddox, Prasad
Joglekar. Students currently being trained in connection with this research program include: Graduate
Students: K. Shastry, Antoine Olenga, William Decker, and Prasad Joglekar. M. Nadesalingam and Cuan-
guay Jiang have participated in Pls weekly research group meetings, in which members have presented
their research.
2. Introduction

In 2009, the collaborators submitted an MRI proposal to the NSF, requesting funding to establish
a high-intensity high-brightness low-energy positron center at JLab. That proposal has not been funded
although the reviewers recognized the intellectual merit of the project. A panel review recommended
addressing several short- and long-term issues before resubmission of the proposal. Over the last three
years, we have addressed those issues and also organized a strong consortium of users and experts to
realize the project. In this new proposal, we present a detailed and cost effective project that will provide
users with a beam intensity at least 10'° slow e*/s (with potential growth up to 4x10™ slow e'/s) for
advanced applied and fundamental research. In the long term, we expect that experimental verification of
the results of the research projects provided in Section (b) 3. - Physics Justification of this proposal will
allow breakthrough scientific discoveries by utilizing the proposed positron source.

It is well-known that electron linac-driven e’ sources provide many opportunities. Most
importantly, the intensity of the produced e* beam is proportional to the intensity of the driving " beam.
Beam features, such as, transverse spatial parameters, micro- and macro-time structure, and duty cycle of
the e beam, can be controlled with the high precision that are central features of a linac-based source as
well. The proposed slow e* beamline will be based on an existing Continuous Wave (C.W.) Super-
Conducting (SC) e linac beam at the FEL. The beam at FEL runs at 75 MHz (or sub-harmonics) with a
micro-pulse width of 3 ps and a micro-charge of up to 13 pC (provides up to 1 mA CW beam in non-
recovery energy regime). We are proposing to develop a high-intensity high-brightness slow e* source
and beamline, which the intensity of the slow e* beam will be at least 10° slow e*/s and will potentially
grow up to 4x10' slow e*/s. The brightness will be at least 10 times higher (in 100% duty cycle) and will
be at least 100 times higher (in low duty cycle, i.e. 10% or less) than available positron brightness in the
best existing facility to our knowledge.

Over the years, it has been recognized by experts of positron community the necessity to have a
slow positron source exceeding at least 10° e*/s. However, as of today there is yet to be an existing



operational facility achieving this goal anywhere in the world. Presently, there are many table-top
radioactive source-based and a few linac-based slow e* beams with the intensities limited up to 10° slow
e*/s. Higher intensities have been reached at a linac-based facility (EPOS, Dresden, Germany®) with the
projected intensity of 5x10%e*/s, and at two reactor-based e* facilities (PULSTAR Reactor, NC, USA® and
NEPOMUC Reactor, Munich, Germanym) with intensities close to 10° e*/s.

In our proposed beamline, there are key elements that will enable achievement of our proposed
intensity. First, we will be taking advantage of an existing high-power high-energy C.W. electron linac-
based beam which allows us to control the beam features with high-precision. Second, we are proposing
to use novel high-efficiency Rare Gas Moderator (RGM), such as solid-Neon, which is a different
moderator type than the ones used in existing linac- and reactor-based facilities. It is experimentally
verified that the efficiency of the solid-Neon moderator is more than a factor of 10 higher than the
Tungsten moderator (commonly used in existing facilities) with positrons emitted from “Na positron
emitter’’. The difference between efficiency occurs due to the fact that positron diffusion length inside
the RGMs is much longer than it is inside metallic moderators.

Using the positron kinetic energy spectrum of the “’Na as a baseline, we consider collecting and
transporting e” with T, below 600 keV from the converter. It is important to note that cryogenic nature
of the RGM mandates that RGM must be positioned away from the high temperature and radiation area
around the converter. Transporting positrons that are suitable for moderation away from the converter
area will allow us to use RGMs and evaluate other moderator options. Our proposal combines state-of-
the-art research and the development of infrastructure essential to address some of the most important
guestions in the fundamental physics and material science. It takes advantage of a simultaneous
confluence of needs in the scientific community and industry for the formation of such a beam to use
positron annihilation techniques. In addition to a great demand for such high intensity beam, this
proposal is also attractive since it seeks to achieve the above goals for a relatively low cost. The FEL
facility that provides high quality 120 MeV electron beam with up to 1 mA current (in non-energy-
recovery regime) is already operational at JLab. It includes state-of-the-art beam diagnostic, sophisticated
beam control systems, and data acquisition equipment. The modifications required to produce slow
positrons are straightforward. The cost of the project is estimated to be of $4M.

3. Physics Justification

The positron is the only anti-matter particle that is easily and abundantly available. Its unique
annihilation processes with the electron allow us to use them as probes in many fields of science for
applied and fundamental experiments. Since the early 1970’s considerable efforts were directed towards
the development of the low-energy (below 100 keV) beams of positrons with intensities over 10° e*/s.
Positron beams of high-intensity and low-energy are of major interest for a wide variety of fundamental
and applied research in materials characterization and basic materials science, solid state, surface physics,
and atomic physics. Recently positrons have been shown to be exquisitely effective in probing surfaces
and reduced dimensional systems such as nanoparticles'®™>*. It is also possible to use low energy
positron beams to selectively probe the surfaces and electronic structure of systems such as graphene,
topological insulators and biomaterials. In fact, when positrons become trapped in image potential surface
states before annihilation, they can provide a means of selectively sampling the top most layer of a
material or nanostructure due to the fact that such states typically extend about one atomic layer below the
surface. Subsequent annihilation of surface trapped positrons with core or valence electrons results in
signals (e.g., annihilation induced Auger electrons™ or annihilation gamma rays'®) containing crucial
information about the composition of the outermost regions of these materials.

For most of these experiments, an intense beam is desirable in order to reduce the measurement time,
or to reach higher accuracy. Intense and bright positron beams are also crucial for a variety of
experiments, in which sophisticated coincident detection techniques are used that rely on the high-
intensity and high-brightness beams. The beam intensity and brightness can enable also more involved
experiments. For example, 2D-Angular Correlation of Annihilated Radiation (2D-ACAR) measurement
to determine fragile Fermi surface pieces of complex materials may require several months of data
accumulation'”*®**. Proposed JLab improvement in beam capability, coupled with complementary



detectors, will reduce experiment durations from months to less than a few days while simultaneously
improving output resolution. Our positron source will remove the existing barriers to the routine use of
positron-based analytical techniques and will be a significant step toward realization of the full potential
of the application of positron spectroscopy to materials science by enabling advanced micro-beam
techniques. Other forefront topics, driven both by advances in positron sources and antimatter traps®,
which include the study of the positronium molecule, and the quests to create and study electron—positron
plasmas and a Ps Bose—Einstein condensate (BEC). Moreover, low-energy positrons are now being used
to study anti-hydrogen formation?-?>%2* molecular physics®, solid state physics phenomena®?"#, and
widely for materials characterization®*%3323

4. Research Projects

The positron upon annihilation with its anti-particle, the electron, provides a direct image of the
electronic structure of metals and semiconductors, nanocrystals, near interfaces and surfaces. Its positive
charge and mobility in condensed matter make it a very sensitive, self-seeking probe to monitor the
evolution of vacancy-related defects and embedded nanocrystals. Vacancy concentrations down to the
ppm scale can be detected. Its kinetic energy can easily be tuned, enabling depth-profiling studies of a
large variety of sub-micron thin films. Several studies®” have demonstrated that the positron interacts
with collective excitations, such as molecular resonances in gases, collective vibrations and phonons in
liquids and solids, delocalized and/or localized electronic states and defects in materials, etc. The
positron either picks up a surrounding electron to annihilate with or forms the Ps atom which, in turn,
interacts on its own way with surrounding medium®3*+*>% A specific scenario depends on external
conditions such as the aggregate state of a particular sample, temperature, pressure, defect concentration,
etc. Positron annihilation characteristics bring the information about the properties of the system under
study. We expect that the world’s brightest low-energy positron source at JLab is going to serve these
goals by providing the scientific community with new discoveries and with new possibilities in the
development of advanced characterization of materials with applications in everyday life.

Prospective research projects that necessitate the development of the high intensity low-energy
positron source at JLab will span from the fundamental to applied materials science and basic physics
research. The consortium of institutions involved in the program will consist of the US leaders in the
positron research field. The previous proposal was submitted for review to following institutions:
Washington State University (WSU), NC State University (NCSU), University of Michigan — Ann Arbor
(UMAA), University of California at Riverside (UCR), and Wayne State University. All reviewers
unanimously underlined that proposed high-intensity high-brightness positron source is needed and
gave us encouragement for the project. One of reviewers even wrote: “Having a Positron Center is
the dream of about 100 colleagues in this field around the world. The current closest thing to a center is at
the Munich reactor and it might be beneficial to have a sister center in the US”. All reviewers also wrote
that they would like to use the beam when it is available.

Some of the research projects that will be facilitated by using JLab positron source are sketched
below:

A) Metals, alloys, surfaces and interfaces

Positron sensitivity points out the evolution of open volume defects and, owing to the chemical
specificity of coincidence Doppler broadening, the clustering of impurity atoms in their vicinity. This
paves the way to optimum compositions of alloys. Moreover, issues of industrial concern, such as
radiation damage and recovery in reactor steels and UO,, near-surface structural changes resulting from
hydrogen-related damage (in stainless steel) and corrosion of iron, the influence of growth history on thin
(NIb) films, surface defects created by mechanical friction, or thermally, or by applying pressure, electron
hyperfine coupling to local magnetic clusters, electron spin conversion and phase transitions in metal
alloys, etc., are the natural applications for the positron spectroscopy based on the bright slow-positron
beam®*%*3,  All these issues directly address the concerns of industry, who want the answers to specific
guestions of industrial importance without necessarily being interested in the details of the spectroscopy.
Northeastern University (NEU) will lead this project including two faculties and one graduate student.

B) Semiconductors.*



Tailoring the sizes of semiconductor nanocrystals down to below 10 nm leads to pronounced
changes in their electronic and optical properties. Semiconductor nanocrystals are currently recognized to
have a great potential for a variety of applications, including fabrication of innovative light emitting
diodes, solar cells, and fluorescence monitoring of biomolecules by quantum dot labeling. Positrons can
detect key properties of these nanocrystals, in particular their surface composition and structure, and
further the effect of confinement on the valence electron states'®**, These aspects are crucial for
understanding of the nanocrystals functionality when they are embedded deep within the layers of thin
film devices. Positron beam spectroscopy provides valuable insights into the formation and evolution of
defects in groups 1V, 11I-V, and 1I-VI semiconductors, and in nanostructured semiconductor materials,
such as, e.g., those doped with atomic nitrogen to control the size of quantum dots formed®"*. Also,
positron spectroscopy may be used as a key instrument for controllable defect engineering®, in
applications such as fabrication of voids, cavities, or pores that are used as getters to separate
semiconductor layers, or as trapping sites for interstitials, or to reduce the material dielectric constant in a
controllable way. The photovoltaic division at NASA Glenn will use this facility to enhance research
program on solar cells and nanotechnology. IBM will also use the positron beam to advance research on
defects, voids, and thin films in semiconductors and further miniaturization of the electronics. NCCU
will lead this project with potential contribution from WSU and UMAA.

C) Insulators and polymers. 334,

These are known to form the Ps atoms in free volume areas, such as pores, voids, cavities.
Positronium spectroscopy is a unique tool to study the pore size, geometry and connectivity in polymeric
and other insulator materials. One important example is characterizing low/high dielectric constant
insulators that are key components in high-speed nanoelectronics and chip manufacture®. Another
applications is for membrane separations*** to measure the role of nanoscale structures to determine the
glass transitions temperatures (T,) and the existence of nanoscale structures as functions of depth in
layered polymers, ultra-thin films, and interfaces. The uniqueness of the positronium spectroscopy here is
that, due to the very short para-positronium life-time of only ~125 ps, it has a serious advantage to detect
pore size modifications at the very initial stage of material degradation due to the pore formation, as
opposed to commonly used probes, such as TEM, AFM, or X-rays, detecting material degradation in its
final stage. University of Missouri-Kansas City (UMKC) will lead the project with possible contributions
from UMAA and NCSU.

D) Prospective biophysics applications.

Positrons can be used for the 3D-imaging of single biomolecules at an atomic scale (for details
see A.P.Mills, Jr., P.M.Platzman, ”"New experiments with bright positron and positronium beams” in
Ref.20). The idea is that the positron cross-section is much higher than that of X-rays. When positrons of
a few keV traverse a Ni single crystal foil with negative affinity for positrons (100 nm thickness),
positrons of about 1 eV (i.e. a 0.2 nm wave length) are reemitted as a quantum wave with a coherence
length of at least 10 nm for a foil kept at a few degrees Kelvin. When molecules are deposited on the foil
surface, the reemitted positron are scattered from the atoms that make the molecules. The resulting
speckle pattern can be recorded on a screen placed a few inches from the foil. Theoretical estimates (see
Ref."") indicate that electrons from the metallic substrate can provide a healing mechanism keeping the
molecule from being damaged by annihilation and radiation events.

A high-intensity positron source would offer important new capabilities for positron microscopy
of biological systems* including both biominerals and biomaterials, and for studying interfacial
phenomena. Studies may include fundamental characterization of bone, tooth, skin and tissue samples,
and the identification (in the first few microns) of cancerous cells, and modifications due to oxidation,
irradiation or other phenomena. The high intensity positron beam would also allow unique access to the
study biological interfaces (e.g., dentin/enamel) and the interface between artificial materials and
biomaterials (e.g., dental composites/tooth, implant/bone, cement or adhesives with bone or other tissue)
oxidation”***%®  UMKC will lead biophysical and biomaterial projects including one faculty and one
graduate student.

E) Electron-positron plasmas



Electron-positron plasmas are unique, and they exhibit a variety of novel behavior such as
linearly polarized cyclotron radiation and nonlinear plasma processes dramatically different than those in
electron/ion plasmas®’. Relativistic electron-positron plasmas are important special class of plasmas that
are relevant to astrophysical settings such as the magnetospheres of pulsars®®. While electron-positron
plasmas have been considered extensively in theoretical and computational work, due to the lack of
suitable positron sources, laboratory experiments have been limited to a beam-plasma geometry®. Such
relativistic plasmas could possibly be produced for very short time periods using intense laser beams.
However, a more conventional approach using a high-intensity positron beam would be of enormous
benefit to this area of fundamental research. The potential users of this experiment will be University of
California at San Diego (UCSD), Columbia University (CU), and UCR.

Positronium formation and relaxation mechanisms in solids, liquids and gases are of much
interest, especially at high positron densities where many-body correlations come into play******. The
first goal is the observation of Ps,, the Ps molecule®***. Other more ambitious goals include creating the
Bose-Einstein condensation (BEC) of Ps® and ultimately, creating an annihilation y-laser®’. This is a
long-standing fundamental problem, which may be attacked experimentally for microporous Ps-forming
targets, provided one has the well-controlled bright positron beam to create large densities of the Ps atoms
in small volumes. This exciting experimental direction would benefit greatly from an intense positron
source. The possible collaborators on these projects are Wayne State University and UCR.

F) Proposed Bose-Einstein Condensation (BEC) experiment

Recently developed techniques for obtaining plasmas containing 108 or more positrons and the
ability to compress positron plasmas in space® and time*® enable studies into effects dependent on the
short-range interactions of two or more Ps atoms. An example of this type of experiment was recently
reported by the UCR group®, where the spin exchange quenching was observed of the triplet Ps lifetime
due Ps-Ps collisions in nanoporous silica. Ability to increase the brightness of the positron beam by a
factor of 100 using the high-intensity low-energy positron source at JLab would be a big step forward —
towards the next generation of experiments with high-density Ps atoms.

One such experiment is Bose-Einstein Condensation of the Ps atoms. The idea is pioneered by
Platzman and Mills, Jr. in early 1990s> (see, also, Refs.***®). It opens up the perspective to develop
world’s first coherent y-laser source. As reported, proposed beam was a bunched 5 ns brightness-
enhanced micro-beam of diameter ~1um of N > 10° positrons at an energy of 5 keV be incident at time t =
0 (with ~5 ns uncertainty) on the surface of a Si target with a small cylindrical cavity of diameter ~1 um
and height ~0.1 um, etched lithographically into the target at the point of entry of positrons. The 5 keV
positrons would stop in Si at a depth of ~0.1 um and, because Ps has a negative work function, ~1/4 of
initial positrons will be reemitted into the cavity as eV-energy Ps atoms. The singlet (para-) Ps atom lives
~125 ps, the triplet (ortho-) one has much longer lifetime of ~142 ns. Para-Ps quickly decays, leaving hot
ortho-Ps boson gas of density n = N/V >10%(nx 1 um?x0.1um) >10%* cm™ in the cavity. Collisions of the
ortho-Ps atoms with the cavity walls and with each other will lead to cooling equilibration of Ps. Since Si
is an insulator, all electron spins of the material are paired, and electron spin-exchange scattering
(yielding the parasitic pick-off annihilation of ortho-Ps) will be energetically forbidden for ortho-Ps
hitting the cavity walls. Assuming the typical thermal Ps velocity of ~10” cm/s, we have the elastic
(dominant) Ps-wall collision time of ~0.1 pm/(10’cm/s)=10"cm/(10"cm/s)=1 ps, meaning that ortho-Ps
will hit the wall ~10° times in its lifetime of ~100 ns. With each elastic collision there is some probability
of inelastic one in which a surface phonon is excited. Phonon vibrations in solids are in the range 10"~
10" s, yielding the phonon energy of ~0.002 eV, or ~20 K, for a typical frequency ~3x10™ s
Assuming the probability to excite a phonon ~0.01, one has that ortho-Ps trapped into the cavity at, say,
~0.1 eV (~1200 K) cools down to ~200 K in 100x(1200-200) K/(20 K) = 5x10° collisions with the cavity
walls, or after ~5 ns of its lifetime. The equilibration time will be even shorter as there will be also Ps-Ps
collisions there. These destroy ortho-Ps population due to ortho-para conversion caused by the presence
of (m=0)-ortho-Ps in the triplet Ps gas. Mills, Jr. and Platzman proposed to use the polarized positron
beam to eliminate this parasitic effect>. Since our positrons are unpolarized, we will be using an external
magnetostatic field to shorten (m=0)-ortho-Ps lifetime by mixing it with para-Ps. Fields ~2 T quench



(m=0)-ortho-Ps down to lifetime ~3ns (Ref.28), leaving us with aligned (’alignment’, Ref.58)
unpolarized (m=z1)-ortho-Ps gas for next ~100 ns with no ortho-para conversion (momentum projection
conserves) at densities ~10%* cm™, pushing our BEC temperature up to ~900 K (Ref.59).

The ortho-Ps BEC will be detected via the increased intensity of the (m=x1)-ortho-Ps gas 3y-
decay in the coplanar 120°-opening-angle geometry. Apart from the BEC observation itself, direct
information will be obtained about various aspects of the dense Ps gas behavior, such as, e.g., the Ps,
formation, how the Ps condensate responds to changes in external conditions and how much it deviates
from the ideal behavior, its coherent optical properties, etc., to better understand fundamentals of
statistical properties of matter. NCCU will lead this project with collaboration of UCSD, UCR, and NEU.
c) Description of the Research Instrumentation and Needs

An integrated positron beamline is composed of several subsystems that require complete
evaluation. In this section, we discuss the instrumentation development aspects of the project and assess
anticipated outcomes based on our numerical and experimental studies. We identify the following major
topics that are most crucial, which are classified as:

1. Optimized energies of emitted positron and driving electron beams

2. Power dissipation in the converter

3. Positron capture and the transport line to the moderator

4. Focusing and remoderation of slow positrons

5. Radiation aspect and deposited power with a high-power high-energy electron beam

1. Optimized energies of emitted positron and driving electron beams
We can divide the optimization study to find the operation energy regime into two parts. The
motivation behind the first part is that since we are interested in the e* with kinetic energies below 600
keV for moderation, we optimized the front-end capture field to collect the highest number of e* that we
were able to transport. In the second part, we optimized the converter thickness and incident e beam

energy to maximize e* intensity that is driven by the motivation in the first part.

Comverter target s Ta W(10%) We performed Monte Carlo simulations
1 | in the framework of GEANT4-based software
C | T <600 eV and © <2 - | (G4beamline) to evaluate these optimization
1 | parameters. Due to the multiple scattering of
charged particles in the converter, both the
momentum spread and angular spread of the
emitted e" is very large with x’=p,/p, up to 1.5
rad. In order to capture significant fraction of
these e* we calculated that 6 cm diameter
channel and a modest longitudinal field of 2 kG
are required. This setup allows capturing and
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thickness. The vyield presented in here includes | thicknesses of W(10%)-Ta converter to find the
only e* with T, < 600 keV in the forward 2. The | highest e" yield. In Fig. 2, the positron-
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function of converter thickness is shown, where

is the number of e” in the 2m sr solid angle in the forward direction and with energies below 600 keV,
and is the number of incident e” on the converter. As seen in the Fig. 1, there is a broad maximum
yield centered at 9 mm thickness with 120 MeV/c incident electron beam, about a factor of 2 higher than
60 MeV/c, and a factor of 20 higher than peak yield at 10 MeV/c. As a result, we have selected 120
MeV/c incident beam and 9 mm thick converter, where the efficiency is ~ 3x10° e* / incident €.

2. Power dissipation in the converter
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A major challenge in a high-power linac-based positron source is the dissipation of the deposited
power in the production converter. As mentioned throughout the text, we calculated that higher
intensities of slow positron beam can be produced through a novel high-efficiency RGM. Experimental
results with this type of moderator (solid-Ne) shows that positrons with below 600 keV can be
moderated with 1% efficiency. Thus, we found that the highest yield of e* can be obtained with 120 MeV
e” beam incident on a 9 mm converter within the provided e* energy constraint. The intensity is highest
for this energy range because in the first X, the bremsstrahlung photons are produced where the low-
energy positrons are mostly produced in the downstream X, close to the exit surface of the converter. The
incident e beam on the converter will be 120 MeV - 0.25 mA which has a total power of 30 kW. We
found from full GEANT4-based simulation that 20% (= 6 kW) of this incident power is deposited in 9
mm and 5% (= 1.5 kW) in 4 mm converter disc. As it is seen, the lower thickness results in less deposited
power but provides about a factor of 2 less e intensity on the moderator as plotted in Fig. 2. Although
tungsten is a very durable material for high temperature applications, 6 kW deposited power in such a
small area will result in melting immediately.

One well-known solution to prevent melting of the converter is a combination of a rotating
converter target with the incident beam rastering on the converter with magnetic steering elements (a.k.a
wobbling). In this way, the effective beam size will be increased by orders of magnitude thus reducing
the power density and increasing the emission area for radiation cooling. In order to preserve e* beam
brightness, anti-rastering is done synchronously, which the anti-raster is located immediately downstream
of the converter. In addition, the converter is tilted with respect to the incident beam therefore the raster
area is increased more. We performed simulations to determine the maximum raster width that allows
transportation of e” beam to the moderator without significant loss of intensity. This study showed that
with a 45° tilted converter and 1.4 cm full width raster size (with e” anti-rastering), about 12% e" intensity
is lost when compared to transportation without any rastering. Another important role of the raster
system will be to sweep low-energy electrons. Since solenoid captures both e” and e from the converter,
the number of e that is able to reach to the moderator would be a factor of 10 higher than the number of
e’. Using a raster magnet system almost completely sweeps the lower energy electrons that would
otherwise reach to the moderator and heat it.

As it is known that at high temperature cooling through radiation emission is predominant
mechanism therefore the emission area should be as large as possible. As mentioned, in addition to
rastering the electron beam effective emission area of the converter is increased by rotating the converter.
These types of rotating converters have been used for many years and are well-known™®* For the
temperature calculations in a rotating converter, we assumed a 45° tilted ring type converter with 25 cm
outer radius and a radial thickness of 1.4 cm. With 45° tilt, the actual converter thickness is reduced to
~6.4 mm in order to keep the interaction length 9 mm. The effective emission area is calculated to be A ~
428 cm’ with mass M ~ 4.6 kg. The emissivity coefficient is taken to be =0.26 as provided in the
literature®® ® for the expected temperature range in our calculations. In steady-state, we calculated that
the temperature of the converter will be T ~ 1760 “K. In order to obtain a uniform temperature profile we
calculated that the required rotation frequency should be at least 2 Hz (Tangential velocity ~ 12.6 m/s).
We also calculated the induced eddy-current power loss and found that the loss is insignificant due to the
low speed of the converter.

Pure tungsten has a higher density thus requires less thickness as a converter, nevertheless it is a
brittle element which makes it challenging to work with. One study related to the engineering aspects of
rotating positron converter targets concluded that tungsten alloy such as, Ta-W(10%) is much easier to
work with and more durable to the thermally induced stress loads®. Therefore, Ta-W(10%) will be used
to construct the wheel as Ta has a high-melting temperature and similar emissivity values as W,

3. Positron capture and the transport line to the moderator

The integrated positron beamline layout is illustrated in Fig. 2. Essentially, two major processes

are required to produce slow-positrons. First, a driving electron beam from a linac hits the converter

“ For example please see provided references for rotating converter prototype in the International Linear Collider.



target thus producing e*. Then, we capture low-energy e* (T, below 600 keV) and transport them to the

moderator. Second, in the moderator, e* lose energy
surface as slow e* with T on the order of a few eV.

and then a fraction of them are able to escape to the

For the transportation of e to the moderator we designed an arc-shaped solenoid capture and
transport channel. The purpose of this curved transport channel is to transport e* away from the high-
radiation area around the converter and be positioned as much as possible out of direct line of sight of the

converter. The high-energy photons, electrons

Raster magnets

and positrons are much collimated than low-

Tilted rotating converter target
High energy particles

[ Beam dump |

energy particles and they will hit the beam
dump in a straight path. The curved channel has
a bending radius p = 4 m and total arc length is
planned to be 4 to 6 m with an arc angle up to
90°. The required longitudinal field in the
solenoid channel is 2 kG, which is calculated to

Transport channel /
e

Radiation sh/ielding
(Steel, Polyethylene, and
Concrete)

FIG. 2: Conceptual layout of the positron beamline.
Drawing is not to scale.

capture lower energy e” at larger opening angles
(T up to 600 keV and x’ up to 800 mrad). The
aperture diameter of the solenoid channel is 6
cm.  Corrector dipole magnets are super-
positioned on the channel, which are required to
align the beam’s central orbit offset due to the
induced effects by the azimuthally changing
field. The required integrated field along the

G.cm. In Fig. 3, a possible location of the positron

channel is calculated to be B[G].ds[cm] = 1350
beamline is shown in the existing FEL vault. The

electron beam is transported from the arc dipole by turning off one of the dipoles in the UV-IR line. The
electron beam hits the converter where emitted positrons in the forward direction are collected via the

FEL Vault = T4
NG ——f
G
Electron — > T
Beam Line : Target £
Motor -’é:,
Shield
Wall

Radiation
Shielding

Electron
Dump

FIG. 3: Possible positron beamline location in the FEL is shown; (Left) the horizontal layout, (Right)
the vertical layout. The e transport channel is extended up to the User Lab-6. The user lab has ~ 20
x 30 ft? available space for experiments. The green line shown is the proposed positron transport
channel, where blue lines show the existing beamline. As illustrated, the positron transport channel
will be composed of an arc and a straight solenoid channel, which will be integrated to the slow e*

beamline and sample chamber in User Lab-6.
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solenoid channel. The solenoid channel transports positrons in the vertical direction, up into to the User
Lab-6 for moderation in here. The extraction of the positrons from the solenoid channel to a very low
magnetic field area will be achieved by a magnetic field terminator (“plug”), where the moderator will be

located right after the field terminator plug.



In Fig. 4 (a) and (b), the concept of the field terminator design is illustrated. The extraction
efficiency from the solenoid channel is enhanced with rapid extinction of the guide field. Otherwise, the
lowest energy, and most desirable e, will follow the diverging field lines into material surfaces and be
lost. Thus, we designed a magnetic iron plug to be inserted at the end of the solenoid for transition to a
field free area, which is similar to a “magnetic spider” plug that was designed elsewhere®’. In Fig. 4 (c),
the end section of the solenoid (red) and half cross-section of the plug (green) are shown, which has been
designed in OPERA-3D (TOSCA solver). We designed and constructed a simpler prototype iron plug to

?i(

Solenoid central axis

(a) (b)

FIG. 4: Concept of transport through the solenoid channel (a) without and (b) with the magnetic steel
plug. Solid blue lines show e* track. Dashed red lines are magnetic field lines. Only the upper half of
solenoid is shown. (¢) OPERA 3D Model of the magnetic plug is shown.

compare magnetic field termination and e transmission characteristics against our calculations. As we
presented the results in®, the simulation and data are in good agreement that the plug reduced the field
density three-fold from B, ~ 2 kG to a few Gauss.
Further reduction of the field to the mG levels will
be achieved with p metal shielding. The
transport calculations of positrons are performed
with GEANT4-based software. A snapshot from
the simulation is shown in Fig. 5. In this
snapshot, we only present the solenoid transport
channel, the plug, and the positrons that are able
to penetrate through the plug. For the purpose of
presenting a clear picture, other particles are
killed.

Incident
e-beam

Solenoid
transport
channel

Magnetic field
terminator

. ‘ ) . In the Monte Carlo simulation, we
FIG. 5: Snapshot from the Monte-Carlo simulation| generated the curved solenoid channel from 100s

In this snapshot only positrons are tracked throughl of very short straight solenoids. We verified the
the channel to present a clear picture. uniformity of the longitudinal field map inside the
solenoid. A portion of the magnetic field map, which consists the end of the channel including the iron
plug, is imported from OPERA-3D Tosca code into the simulation. Approximately 25% of the positrons
that have reached to the iron plug from the tungsten converter are lost while traversing the plug. The
kinetic energy spectrum of the positrons that are able to reach to the moderator is shown in Fig. 6. The
positron efficiency on the moderator is calculated to be 6.6x10™ e*/incident e”. With the assumption of
0.25 mA incident electron beam current, the intensity of the e* on the moderator with a kinetic energy
spectrum as shown in Fig.6 would be 1x10* e*/s within a transverse spot size of Oxy ~ 8 mm r.m.s as
seen in Fig. 7. By using 1% efficiency with solid-Ne RGM, the projected slow e* intensity will be 1x10*°
slow e*/s. The intensity could potentially be increased by a factor of 4 if we use 1 mA incident electron
beam on the converter target. However, achievement to reach 4x10" slow e'/s will not be possible
within the FEL in this project. Radiation shielding restrictions and limitation of available space inside the
FEL vault, and budget concerns prevent us to use 1 mA electron beam at full power of 120 kW. In the
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future, it could be possible to have a stand-alone building next to the FEL and additional funding to
upgrade the converter target, which would allow us to upgrade the intensity from 1x10" to 4x10™ slow
e'ls.
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FIG. 7: The transverse spot profile of the positron
beam on the moderator. Here we present positrons
with energies below 600 keV.

FIG. 6: Kinetic energy of the positrons after the
iron plug. Positrons shown here have a cut in
energy with T, < 600 keV.

4. Focusing and remoderation of slow positrons
The transported positrons to the User Lab-6 will be moderated in the solid-Ne moderator, where the
moderator will be positioned in reflection geometry to enhance the extraction efficiency. Moderated
slow-positrons will be extracted from the moderator by the electrostatic focusing elements. Electrostatic
focusing is dominant for low B (= v/c) particles in a low magnetic field environment which we will be
taking advantage of the field-free area we established in the downstream of the magnetic plug. The
moderator and electrostatic focusing design, construction, and testing will be done by First Point
Scientific, Inc. It is known that the energy spread of the emitted slow e* from RGMs is higher than W
moderators, thus this will result in lower beam brightness. This low brightness will be offset by higher
intensity and through further re-moderation in a very thin W foil, a process known as brightness-
enhancement®®.  Although, after the re-moderation process only 5% of the positrons survive, the
brightness of the beam will be increased significantly due to the reduction in the transverse size and
energy spread. As it is shown™, the slow e* micro-beam can be produced with a transverse size of less
than 100 um on a sample. Remoderation (and further remoderations if required) will be done for
applications that require micro-beam spatial size on the sample.
5. The radiation aspect and deposited power in all elements with a high-power high-energy
electron beam
Advantage of using an existing accelerator facility for positron production brings extra efforts and
costs for radiation protection. JLab’s effective radiation administrative dose limit™* is not to exceed 250
mrem (2.5 mSv)/calendar year for radiation workers and 10 mrem (0.1 mSv)/calendar year for non-
radiation workers. A safe operation condition, which would not change the radiation environment inside
the vault is between 10 - 30 W equivalent of beam power loss with 120 MeV electron incident on a bulk
material, i.e. beam pipes, flanges etc. Therefore, we designed our radiation shielding by using this
radiation beam loss as a baseline. With the incident electron beam power of 30 kW, a multi-layered local
shielding will be required in order to stay below the radiation protection design goals at the FEL. In our
proposed design, as shown conceptually in Fig. 2, the " production area mainly consists of the converter,
the transport channel, the beam dump, and the composition of radiation shielding elements. Of these
elements, a spare copper high-power beam-dump is already available at the FEL.
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The divergence of the emitted particles is proportional to m/E where m is the rest mass of the
electron and E is the energy of the particle. The existing beam-dump at the FEL will be placed along the
straight line path of the incident electron beam to stop mostly collimated high-energy particles and
photons (M/E << 1). Since typical energies of the emitted particles are on the order of a few MeV, a
major fraction of the secondary particles has much larger divergence, thus they deposit their energies in
the surrounding elements. We performed simulations to estimate the required thicknesses of the shielding
materials to evaluate deposited power in those elements. In Fig. 10, the energy spectrums of the photon,
e, and the total of both are shown. As it is seen, the main concern here is the emitted photons. We

calculated that at least 30 cm thick steel (p=7.8
20 T T T T L gjem? and photon attenuation of A ~ 33 g/em?) s
Total required to attenuate the intensity of the photons to
- Photons |~ 1 0.1% of its initial intensity.
Another important issue we need to
_ | consider is the photo-neutron production and long-
lived isotopes. Fast neutrons are created both in
the converter and in the surrounding elements.
The shielding requirement aspects of the neutrons
are dependent on the energy of the neutrons,
beamline material (i.e. copper vs. aluminum), and
the shielding material.  Multi-layered radiation
shielding that involves combination of heavy and
light nuclei is required to attenuate photons and
) ! e Y neutrons. FLUKA simulations have been done by
is normalized by the number of incident | Ragiation Control Group (RCG) at JLab which
electrons, N.. used a shielding design of 30 cm steel followed by
a 30 cm of concrete and a 30 cm of polyethylene on each side except the wall in the beam straight ahead
direction of the beamline. Significant fraction of the radiation goes in the beam forward direction,
therefore thickness of the steel and concrete were increased to 60 cm in this direction. Based on these
simulations, the radiation escaped from the proposed shielding is equivalent to the dose rates at 10 W
beam-loss, which well satisfies the FEL safe operation limit. However, significant activation will occur

TR T

80 100 12
E [MeV

FIG. 8: The energy spectrum (ExdN/dE) of the
photons, electrons, and total of both. The y-axis

60

- ; - inside the shielding that will prevent access for several weeks.
Table-I: Simulation of deposited | Remote handling systems and radiation-hard materials will be used
power in elements. : to minimize access requirements into the shielding due to failures.
Element | Percent | Deposited || |5 Taple-I, the percentage of deposited power in main elements
i [%] [kw] surrounding the converter is presented. The projected deposited
Shield 47.5 14.3 power values are provided for a 120 MeV-0.25 mA incident e’
B.Dump | 250 7.5 beam on a 6 mm thick pure W converter. Of this 30 KW power,
Converter | 20.0 6.0 14.3 KW (47.5%) will be deposited in the steel plates, 7.5 kW
Solenoid 7.5 2.3 (25%) in the beam dump, 6 kW (20%) in the converter, and 9 kW

(7.5%) in the solenoid. About ~0.01 kW is released from the
shielding. The deposited power inside the solenoid structure was simulated by using discs of coils
therefore not allowing a passage for the secondary beam. We will evaluate different transport channel
designs to reduce the deposited power, such as an open-sided magnet described in here™.
d) Impact on Research and Training Infrastructure

The proposed slow positron beam at JLab will have significant impact on our Nation's academic
research infrastructure, the research community of interest, and the industry. The unique experimental
facility with cutting edge innovative research will foster discoveries that will have strong scientific and
commercial effect. The most powerful positron beam, for two orders of magnitude stronger than in other
laboratories, will allow for unique important fundamental and applied experiments to be performed for
the first time.
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The purpose of the positron beamline is to foster greater scientific advances by bringing together
researchers and educators and creating intellectual synergy among the scientists and engineers. When
completed in the 4™ quarter of 2017 the beamline will enable investigations in new scientific areas that
are not possible by using other types of radiation. We anticipate that in time it will establish itself as the
world’s leading center for multi-disciplinary research with an outstanding scientific and educational
program built among strong collaboration with academic, industrial, government and international
partners. It will advance discovery and innovation in science and engineering through the integration of
cutting edge-research, excellence in education, technology transfer, and the development of diverse
workforce. It is designed to support major long term challenging problems of fundamental and strategic
importance that are critical for American competitiveness and development of future technology.

Application of the advanced micro-beam techniques will open a new area of scientific
understanding in the problems of micro-void structures, nature of vacancies, the mechanics of migration,
induced defects, defect complexes, from the surface down to the bulk. High intensity slow positron beam
at JLab will allow fundamental and applied research in materials characterization and basic materials
science, solid state and surface physics, as well as in atomic physics. These range from the development
of a new generation of materials to study the nature, concentration, and spatial distribution of defects and
detecting atomic size defects in thin layers or surfaces of materials. By varying the energy of the positron
beam, hole formation may be accomplished exclusively at the surface or at a well-defined deposition
depth below the surface. By this means, we will be able to identify particular defect dependent processes
leading to surface desorption and to measure defect migration lifetimes.

One of the critical goals of this proposed positron beamline will be to promote an outreach and
educational program to enhance the participation of minority groups or individual investigators from the
local and regional HBCU universities and colleges in the cutting edge scientific research. We believe that
the unique experimental facility and opportunity for challenging research will provide underrepresented
faculties and students motivation, excitement, new experiences, and a broader range of research skill,
which is essential for a high quality education. We plan to reach our goals through a planetary system
style of outreach network. Initially, we will recruit potential groups from the local or regional HBCU or
minority universities/colleges who have interest to be involved in frontier positron research. These groups
may consist of one or more faculty members with some experience of involving students in research.
Gradually we will include more faculty and students from other universities.

The NCCU leadership role on this project and location of the project at JLab will significantly
help in reaching the minority community. Both institutions have strong records and are well known by
their minority outreach activities. The NCCU is nationwide the first public minority university dating
from 1910 and JLab is consortium of 60 universities, which is led by the Southeastern Universities
Research Association (SURA), known for facilitating minority programs. For instance research minority
programs at NCCU, NC A&T, and Hampton University have been significantly advanced through
collaboration by JLab, which provided travel support, start-up funds, and office and research space for
students and faculty members from these universities. To achieve the above goal and to include the most
faculty and the students in the program we propose to establish the HBCU Positron Research Network
(HBCU-PRN) that will include faculty and students from HBCUs and their collaborators from majority
universities and industries. We will support this network through the existing university and JLab
programs that allow support for some faculty and students from other universities.

e) Management Plan

The organization and management of the Consortium will include Pl and Co-Pls, Consortium
Board, External Advisory Board, and Committee for experiments and beam time allocation.

Pl and co-Pls: Prof. BranislavVlahovic, is the director of NASA University Research Center for
Aerospace Device Research and Education and NSF Center of Research Excellence in Science and
Technology Computational Center at NCCU. He has successfully managed many projects, secured
funding from various organizations and established collaborations with universities, National laboratories,
and industry partners. Prof. Bansil is a former program manager of the Theoretical Condensed Matter
Physics division at the Department of Energy and the founding director of Northeastern’s Advanced Sci-
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entific Computation Center. Dr. Neil, Jefferson Lab Free-Electron Laser Associate Director, has been
involved for many years in all aspects of accelerator beamline development and management. Prof. Weiss
is the chairman of the Physics Department at UTA, and he is the inventor and a principal developer of
Positron annihilation induced Auger Electron Spectroscopy (PAES) a new surface spectroscopic tool
capable of one monolayer depth resolution.

Consortium Board; will lead and manage the project, and monitor and assist in the
implementation of the recommendations of the External Advisory Board and of the strategies set for the
Consortium members. Each participating institution may have a representative who will be selected by
members for one to two years. However, some institutions may have several members, because all
activities (science and experiments planning, radiation protection, FEL operation, construction, converter,
beam transport, moderator, user experimental laboratory, beam dump, data acquisition system, budgeting)
also must be covered. The chair of the Board is Dr. B. McKeown, JLab Deputy Director for Science, who
also selected for the first members of the board: Pl and Co-Pls, and Dr. B. Barbiellini, Prof. I. Bondarev,
Dr. S. Golge, Prof. D.Van Horn, Prof. J. Jean, Prof. W. Kossler, Prof. S. Ozkorucuklu, Dr. V. Vylet, Dr.
R. Walker, Dr. G. Williams, and Dr. B. Wojtsekhowski. The Board will have regular (monthly) meetings
(through teleconference or at JLab) and the future members of the board will be elected by the consortium
members, during the annual members meeting.

External Advisory Board; will meet semi-annually and will include experts in the field and
positron experimental users from academia and industry. The initial external board will include: Dr. R.
Greaves of First Point Scientific Inc, Prof. A. Hawari of NCSU, Prof. G. Laricchia of University College
London, Dr. E. Lessner of Argonne National Laboratory, Prof. A. Mills of UCR, Dr. P. Perez of
CEA/SACLAY, Dr. Andy Rindos of IBM, and Prof. C. Surko of UCSD.

Evaluation and roadmap of activities: The Executive Committee will also participate in the
periodic evaluation and assessment of the level of accomplishment of the Consortium objectives. The
criteria for evaluation will include status of design and construction, development of the physics program
and planning of experiments, and outreach activates. To achieve goals in addition to the Consortium and
Extarnal Advisory Boards meetings, and Committee for experiments and beam time meetings, organized
will be Conferences at JLab to discuss status of the project, physics and end experiments, and new ideas
and directions that consortium may implement. Organized will be also colloquiums and seminars by
prominent experts from academia and industry. In addition established will be web page and organized
will be outreach activities that will additionally connect Consortium with potential, users, industry, and
domestic and international positron material science and physics community.

Instrument development: In the development phase, each institution will have a leader that
oversees the progress of the manufacturing and development efforts as given in Table-1l. The progress
for each objective will be monitored at the consortium meetings that will take please once a month (i.e.
teleconference) and annual meetings at JLab. Assuming approval of the funding request by August, 2013,
the following timeline and milestones will be achieved:

The overall design effort, procurement of elements, and implementation of the integrated
instrument will be led by the PI. The PI will achieve the instrument development goals by employing one
research scientist, one postdoctoral fellow, two graduate students, and one undergraduate student. They
will take key roles in assembling detector systems, construction of the slow positron beamline, micro-
beam formation, and integration of the sample chamber assembly. Dr. Neil will lead the fast positron
beamline development. The design, manufacturing, and installation of the beamline will be done by
engineers, scientists, and technicians from the FEL in the 1 and 2™ years. The design will start in the
fourth quarter of 2013 (Q4, 2013) and will be partially completed by Q2, 2014. During Q2 and Q3, 2014
ordering and testing of the parts will start. Manufacturing will start in Q3, 2014 and installation will start
in Q1, 2015. Starting in Q1, 2015, radiation shielding and beam-dump installation will be directed by Dr.
Golge. Dr. Neil will direct the installation of beam diagnostics and Dr. Ozkorucuklu will lead installation
of detector system starting in Q2, 2015. Commissioning of the fast e* beamline will be directed by Dr.
Kossler in Q3, 2015. Beam time requirement for the commissioning of the fast e beamline is 30 hours.
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In Q3, 2014, Dr. Vlahovic will procure the solid-Neon moderator assembly. The moderator
design, manufacturing, and integration to the beamline is estimated to be completed in Q1, 2016. Dr.
bansil will lead the design efforts and Dr. Barbiellini will direct the installation efforts of the micro-
beamlie formation. Starting in Q4, 2015, Dr. Weiss will lead the slow positron beamline installation
efforts. Starting in Q2, 2016, the sample chamber assembly design will be directed by Dr. Van Horn and
installation efforts will be directed by Dr. Jean. High-resolution detector installation efforts for slow
positron experiments will be directed by Dr. Kossler starting in Q2, 2017. Development of the instrument
and final commissioning will be completed by the end of Q3, 2017. In Table-Il, anticipated timeline for
the project objectives and responsible team leaders are provided.

Risk Mitigation Plan

The beam characteristics calculated via analytical calculations and Monte Carlo simulations have
20 — 30% uncertainty in exact achievable parameters, i.e. the collection of the positrons, exact efficiency
of the moderator in our unique concept. The presented specifications are at lower bound of the range
according to our calculations, which are included as a part of the risk mitigation plan. A high risk item is
that the radiation enclosure will be inaccessible for several weeks due the radiation induced activation. If
a major failure occurs inside the shielding, several weeks of down-time would be expected. However,
this risk can be significantly minimized by using radiation-hard materials and remote handling systems
inside the shielding. The large interest from universities, government institutions, and industry allows the
potential for additional funding and manpower source, should this be an important issue to meet the
timeline. We anticipate that unique features of the positron beam, such as time structure of electron
beam, high-intensity and high-brightness positron beam will attract users from academia, research
institutions, and industry, which will in return fund operations and maintenance costs of JLab through
beam-time fees.

Table II: Estimated timeline and team leader of each objective is provided.

TIMELINE 2013| 2014 2015 2016 | 2017
Leader 4 2(3|4

Design of the fast e* beamline G. Neil

Procurement and testing B. Vlahovic

Manufacturing of the components G. Neil

Installation of the beamline G. Neil

Radiation shielding S. Golge

Installation of beam diagnostics G. Neil

Installation of detectors S. Ozkorucuklu

Commissioning of fast e” beamline W. Kossler

Design of moderator B. Vlahovic

Construction and installation of moderator|B. Vlahovic

Design of the micro-beamline A. Bansil

Installation of the micro-beamline B. Barbiellini

Slow e* transport beamline A. Weiss

Design of sample holding chamber D. Van Horn

Installation of sample holding chamber J. Jean

Installation of high-resolution detectors  |W. Kossler

Commissioning and slow e+ detection B. Vlahovic
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