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PROJECT NARRATIVE

Background/Introduction

Soon after the first demonstration of spin polarized electron beams from GaAs, DC high
voltage photoguns were built to conduct nuclear physics experiments at SLAC, MIT-Bates, the
Continuous Electron Beam Accelerator Facility (CEBAF) at Jefferson Lab (JLab), Bonn-ELSA,
Mainz University MAMI, NIKHEV and Nagoya University — all of these photoguns operated at
approximately 100 kV bias voltage. Today, only the photoguns at Mainz and CEBAF still
regularly produce spin-polarized beams at 100 and 130 keV, respectively [1,2]. These voltages
are sufficient to satisfy the electron beam requirements of the accelerators they serve.

More recently, interest in light sources, with stringent emittance requirements, spurred
R&D devoted to operating DC high voltage photoguns at much high voltages. The photogun used
to drive the JLab Free Electron Laser (FEL) provided milliampere beams at 350 keV [3] using a
concentric cathode electrode support, with the biggest drawback of this gun design being the
absence of a load lock for photocathode activation and replacement. KEK and Cornell University
added load-locked vacuum chambers using a side-insulator design [4,5], and they solved the very
challenging problem of high voltage breakdown that sometimes results in insulator punch-through,
by using segmented insulator rings with interior metal shields. With their designs, there is no line-
of-sight for field emitted electrons to reach the surface of the insulator where they can cause severe
damage.

Highlights of the achievements demonstrated using the KEK and Cornell University DC
high voltage photogun designs include 2 mA CW beam delivery at 500 kV bias voltage [6], record
level average current of 65 mA CW with photogun biased at 250 kV [7], and most recently
sustained ~ 30 mA CW beam delivery at 400 kV bias voltage to demonstrate bunched beam
cooling at RHIC [8]. Without intending to diminish these remarkable achievements, all of these
photoguns including the JLab FEL 350 kV vent/bake photogun, exhibit field emission that would
be problematic for polarized beam production.

At Jefferson Lab, we have chosen an “inverted-insulator” high voltage design, where the
insulator extends into the vacuum chamber from the top serving as the cathode electrode support
structure. With the inverted insulator perpendicular to the beam line axis, the photocathode load-
lock chamber naturally attaches to the back end of the photogun, just like the photoguns with large
cylindrical insulators. But high voltage is applied to the cathode electrode using a commercial
high voltage cable that connects to a power supply, providing some flexibility in terms of
positioning the required SF. tank. Because the insulator serves as the electrode support structure,
the photogun design is compact, which can result in improved vacuum compared to other designs,
and it is small enough to fit in places where there are tight vertical space constraints. And finally,
there is comparatively small metallic surface biased at high voltage, which serves to minimize the
possibility of field emission.

The 130 kV spin-polarized inverted-insulator photogun at CEBAF [2] shown in figure 1 is
very compact, provides exceptional vacuum (low 10712 Torr) and exhibits NO field emission.



These properties provide a charge lifetime in the range of 200 to 400 Coulombs, which is sufficient
to satisfy the beam delivery requirements of the CEBAF nuclear physics program using only one
photocathode activation, from start to finish of the run (the laser is moved to fresh photocathode
quantum efficiency locations during the run).

Fiéure 1: Toia view of the CEBAF 130 kV inverted insulator DC high voltage photogun. The
photocathode preparation/load-lock chamber is seen to the left of the picture. The high voltage
cable connects to the inverted-insulator on top of the photogun high voltage chamber, which

appears golden due to the week-long 400° C vacuum firing. The beam line can be seen extending
out of the photogun axis towards the right of the picture.

A larger version of this photogun design shown in Figure 2 operates at 300 kV bias voltage
and successfully makes tens of milliamperes of unpolarized beam using alkali-antimonide
photocathodes [9]. To operate at 300 kV, the photogun was processed to 360 kV, but even with
60 kV of high voltage “headroom”, it was insufficient to COMPLETELY eliminate field emission
— there is still nanoampere levels of field emission current which poses no problem for making
unpolarized magnetized beams with alkali-antimonide photocathodes, however this would be
problematic for a GaAs photocathode illuminated with light near the band-gap necessary for
generating polarized beam. Photocathode lifetime would be insufficient to maintain a User-based
physics program and we are reluctant to apply higher voltage to “process out” the field emitters —
experience suggests ~ 350 kV is the limit of the present inverted insulator size used in this design
[10].
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Figure 2: JLab 300 kV inverted insulator DC high voltage photogun used to make unpolarized
magnetized beam. The picture shows the high voltage cable connecting the power supply inside
the SF, red tank on the right, to the photogun top flange.

Positrons are in demand and at Jefferson Lab, we would like to make polarized positron
beams using the PEPPo technique [11], where the polarization of an electron drive beam is
transferred to a positron beam via pair production within a conversion target. A 10 mA CW, 0.3
nC bunch charge, polarized electron beam drive for polarized positron beams motivates the need
for an inverted insulator photogun operating reliably — without field emission — at 350 kV to
manage space charge.

This proposal seeks funding to extend the JLab inverted-insulator photogun design to
higher operating voltage by developing a longer insulator with a more reliable interface to the high
voltage cable. A load-locked polarized electron source operating at 350 kV — without field
emission — could replace the vent/bake photogun at the Jefferson Lab Low Energy Recirculator
Facility (formerly the JLab FEL) to develop a polarized positron source. 350 kV is the minimum
photogun voltage required to capture the electron beam by the 5-cell, 1497 MHz SRF cavity in the
existing facility’s injector booster. The JLab inverted insulator design is a viable choice for this
application, and from a practical point of view, it represents one of the few load lock gun designs
that can fit within the Low Energy Recirculator Facility vault - the vault ceiling is not high enough
to install a photogun based on the KEK or Cornell University designs.

How much voltage headroom is required to operate at 350 kV with NO field emission?

To commission a new DC high voltage photogun, electrodes are first polished smooth [12],
then attached to insulators and then installed inside the photogun vacuum chamber which is then
baked to achieve ultrahigh vacuum. Following bakeout, the photogun must be high-voltage
processed, first in the presence of inert gas such as helium or krypton [13,14] and then under
vacuum conditions. Introducing Kr gas to the photogun vacuum chamber in the range of 107° to
10™* Torr has proven very effective in the high voltage processing of field emitters at lower
voltages than those needed under vacuum conditions, posing lower risk of insulator/cable
breakdown. In this process, Kr gas is ionized by field emitted electrons. Ions are accelerated



towards the cathode electrode bombarding the field emission site and flattening its profile (larger
emitter tip radius, lower electric field). In addition, Kr ions are implanted increasing the electrode
metal work function. Since field emission current is proportional to the emitter electric field
squared and is inversely proportional to the metal work function, Kr serves a dual role to eliminate
field emission. The process can take many days and there is always concern that the insulator will
be damaged.

During high voltage processing, some level of current is required from the power supply to
remove field emitters, and sometimes new emitters develop typically when a field emitter
explodes. To prevent insulator damage during these type of processing events, a conditioning
resistor is connected at the output of the power supply, which is set to trip OFF at a preset current
level. The following questions are frequently asked when discussing high voltage processing:

e How much current is required to process an emitter?

e What value to set the power supply current-limit?

e How large should the conditioning resistor value be?

e How quickly can high voltage processing be performed?

e How much excess voltage is required to completely process the gun to observe NO field
emission at the desired operating voltage?

Figure 3 shows two examples of photogun high voltage processing using krypton gas. The
plots show the photogun bias voltage (blue lines) and radiation as measured using Geiger Muller
tubes placed around the photogun vacuum chamber. On the left side, the intended operating
voltage was 200 kV using the CEBAF inverted insulator photogun for polarized beam. On the
right side, the intended operating voltage was 300 kV using a larger version photogun for
magnetized un-polarized beam. The important message related to high voltage conditioning is that
sometimes significantly higher voltage must be applied to the cathode electrode than the intended
operating voltage to successfully eliminate all traces of field emission at the operating voltage. In
fact, our experience suggests spin-polarized DC high voltage photoguns must be designed to
support bias voltages at least ~20% higher than the operating voltage for effective elimination of
field emission. For example, it was necessary to reach 230 kV to burn OFF the field emitter during
the conditioning of the CEBAF photogun, as shown in the left side of Fig. 3, near the 21 h mark,
when radiation peaked tripping OFF the power supply on over-current. Upon recovering voltage
to the intended operating value 200 kV, radiation levels were finally at background. Similar
behavior was observed for the 300 kV gun, with field emitters removed at ~ 350 kV.

There are no easy answers to the questions posed above. Every time a new photogun assembly
is high voltage conditioned, the maximum voltage required to eliminate field emission is different,
as 1s the conditioning time that it takes to reach that voltage. If the current trip limit is set to the
maximum capacity of the power supply, the risk of arcing along the insulator/cable interface is
significant. If on the other hand, the current trip limit is set too low, there is insufficient power to
burn OFF field emitters.
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Figure 3. Left: CEBAF inverted insulator photogun high voltage conditioning intended for 200 kV
operation. Right: High voltage conditioning of a larger version inverted insulator photogun
intended for 300 kV operations.

Proposed Research and Methods

Two styles of inverted insulators in combination with two electrode configurations have been
studied at Jefferson Lab, shown in Fig. 4 [10]. The objective of the study was to find an
insulator/electrode combination capable of reaching ~ 370 kV DC without breakdown. The small
insulator (4.5” long) mates with industry standard R28 high voltage cable. The larger insulator
(7.5 long) mates with industry standard R30 high voltage cable. All inverted insulators used at
JLab have been manufactured by the French company SCT Ceramics. We have also studied two
insulator materials: pure alumina (white) and alumina doped with a proprietary recipe (black) to
introduce some degree of conductivity for charge drainage. Any insulator subjected to an electrical
potential builds up charge. In addition, field emitted electrons from the cathode electrode striking
the vacuum chamber walls generate x-rays, which also build up charge in the insulator.

An essential component of insulator testing is the cathode electrode at the high voltage end of
the insulator. For testing purposes, the ideal electrode shape is a sphere. The spherical electrode
diameter was designed to minimize the electric field within the constraints imposed by the vacuum
chamber size. Electrostatic modeling was initially done with POISSON SuperFish [15], but
because the cathode/insulator configuration is perpendicular to the axis of the cylindrical photogun
vacuum chamber, CST MicroWave Studio [16] is better for 3D electrostatic modeling.



Figure 4. Inverted insulators and electrode configurations studied at JLab. Left: Pure alumina large
R30 insulator (7.5 tall) with spherical and screening electrode. Center: Doped alumina large R30
insulator with spherical electrode only and welded to 10” CF flange, next to small R28 doped
alumina insulator (4.5 tall). Right: Doped alumina R28 small insulator with spherical electrode
only and welded to 10” CF flange.

Our results indicate that tailoring the conductivity of the insulator material, and/or adding a
cathode triple-junction screening electrode, effectively serve to increase the hold-off voltage from
300 kV (pure alumina R30 insulator, no screening electrode) to more than 375 kV (pure or doped
alumina R30 insulators) with triple-junction screening electrode [10]. In addition to significantly
reducing the electric field parallel to the insulator surface, electrostatic field maps suggest these
configurations serve also to produce a more uniform potential gradient along the insulator.

Remarkably, the small insulator reached 360 kV without breakdown and without the use of a
screening electrode. We suspect the size of the spherical electrode and it proximity to the triple
junction served as a screening electrode. The voltage on this insulator was not increased any further
to preserve the insulator for future use.

The design of the triple junction screening electrode is intrinsic to the design of an inverted
insulator photogun and it is an iterative process to minimize the gradient not only at the triple
junction but also on the overall screening electrode profile. Field-emitted electrons from the triple
junction can initiate pre-breakdown currents that often lead to arcing along the ceramic insulator
at the insulator/cable-plug interface. The height of the screening electrode influences the potential
along the insulator, especially at the interface between the insulator and the high-voltage cable
plug. A taller screening electrode creates a more linear change in the potential, but it will increase
the field strength at its cusp because it has moved closer to the grounded vacuum chamber wall.
The cusp should also have a large radius to minimize gradient, but the radius of the screening
electrode should be kept smaller than that of the spherical electrode radius to minimize distortions
to the electric field in the anode-cathode gap for a photogun design. This process has proven
effective for the small and large inverted insulator designs utilized in JLab photoguns operating at
200 and 300 kV respectively.



We intent to implement a similar iterative approach for the proposed larger inverted insulator
design capable of reaching 500 kV for reliable operation in a polarized beam photogun at 350 kV
without field emission. Figure 5 summarizes the highest voltages achieved at Jefferson Lab using
inverted insulators with a variety of electrodes and screening electrodes. The size of available
insulators is shown on the right of Fig. 5.

S With R28  R30 JLAB FEL

screening
electrode — P

Pure
Alumina

N/A| LN
Voltage 280 kv |325kV
Achieved 375 kV *

Semi-
conductive

Voltage 360kV | 365kV * | TBD
Achieved

Commercial
Cable

Figure 5. Left: Table summarizing the highest voltage reached at JLab using inverted insulators in
a photogun vacuum test chamber. The asterisk indicate configurations with screening electrode.
Right: Size comparison between the three types of inverted insulators on hand at Jefferson Lab.

The largest inverted insulator at JLab was also made by SCT Ceramics a decade ago for a
proposed FEL 500 kV DC photogun with a custom design plug immersed in the SF, environment
of the power supply [17]. This concept was never implemented for various reasons, but six
inverted insulators are available, although not one has been tested because there is no commercial
cable that fits the air-side, unlike the commercial insulator sizes R28 and R30. For reliable
operation without arcing, it is critical that the cable plug conforms to the insulator profile to prevent
air gaps. This is why cable plugs are made of relatively soft vulcanized rubber and are spring-
loaded into the air-side of inverted insulators. A layer of silicon grease is typically applied to the
cable plug for “squeezing out” any potential air pockets in the insulator-plug interface.

At the high voltage power supply end, cables mate to epoxy receptacles. Epoxy receptacles
have large dielectric constant and large dielectric breakdown strength. These are very rugged
compared to insulators, but cannot be used in the extreme high vacuum environment of polarized
beam photoguns due to their outgassing nature in vacuum. Rarely do receptacles get damaged, at
least when connected to the power supplies inside SF.-pressurized tanks. Epoxy receptacles are
commercially available in three sizes that fit commercial cable plugs: R28, R30, and also a larger
size and higher-rated voltage cable designated as R350, which is used in all of the inverted
insulator photogun power supplies at JLab. The other side of the high voltage cable is terminated
either with an R28 or an R30 plug to fit the respective inverted insulator. Figure 6 shows the high



voltage assemblies used successfully in photoguns at JLab, along with a preliminary approach to
extend the inverted-insulator DC high voltage photogun design to higher operating voltage.

CEBAF 300 kV R30 Next step: 500 kV
200 kV R28 et

WD

We have 6 of
these customized
insulators, but
they do not fit to
the cable shown
below

Conceptual
approach: modify
commercial epoxy
receptacle
designed for
: : 350kV cable to
L - e B L mate with

& ?g e S SR e M = : inverted insulator
Figure 6. High voltage assemblies implemented successfully at JLab showing the insulator, cable
plug, and epoxy receptacle used in the power supply end for the indicated photogun design and
operating voltage.

Statement of Work

The primary efforts of the project will focus on electrostatic design and fabrication of
electrodes and a high voltage assembly. As described in the background section, electrode design
is essential to minimize gradient for preventing electrical breakdown and field emission at the
desired operating voltage. Similarly, electrostatic modeling using proper dielectric constants for
each component (cable plug, insulator, etc.) is critical for guiding the design of the whole
assembly. Electrostatic modeling will be performed by the postdoctoral appointee using the CST
Microwave Studio electrostatic solver and SolidWorks CAD modeling. These software tools have
become essential due to the non-symmetric design of our inverted insulator photoguns. The
postdoctoral appointee will also coordinate engineering design and manufacturing with the
mechanical engineer. The electrodes will be barrel polished to mirror-like surface finish [12] by
the senior technologist using a tumbler machine available at the JLab SRF institute (see
Appendices 4 and 5).

There are three proposed avenues of testing:

a) Use the existing long custom insulator with a modified R350 epoxy receptacle and
with intervening SF, layer.



We plan on implementing this approach first to qualify the performance of the long custom
insulators, as those have not been tested yet. They key element will be using an R350 cable plug
that mates to a commercial epoxy receptacle and an intervening SF, layer as a combined high
voltage plug assembly. The receptacle will be machined to match the taper of the inverted
insulator, leaving a gap for SF, shared with a pressurized SF, reservoir sealed at the top of the
insulator/receptacle assembly, as shown in the preliminary concept in Fig. 7. The reason behind
using SF, instead of silicon grease is twofold. First, the epoxy receptacle is smaller in diameter
than the inverted insulator ground end (open to air) leaving a large gap to be filled with silicon
grease prone to air pockets; and second, the receptacle is rigid in contrast to the rubber cable plug
which conforms air-tight to the ceramic shape with an intervening thin silicon grease film like in

the smaller R28 and R30 insulators.
Ik SF¢ “mini tank”
350 cable plug

Tapered epoxy receptacle,

SFg intervening layer

Ceramic insulator

Vacuum
chamber

Triple junction
screening
electrode

Spherical
electrode
-

Figure 7. Schematic showing a preliminary concept for testing the existing long custom insulator
with a modified R350 epoxy receptacle and with intervening SF, layer and pressurized reservoir
on top of the inverted insulator.

High voltage testing will utilize a vacuum chamber already manufactured by Kurt J. Lesker
filled with SF, for initial assessment of electrical breakdown. Upon success, high voltage tests will
continue under vacuum conditions to qualify the performance of the triple junction screening
electrode in preventing breakdown, and to quantify field emission levels as a function of bias
voltage. High voltage processing under vacuum conditions typically takes about 100 hours
(cumulative time) to reach 350 kV. We expect it will take three times as long to reach 500 kV,
mainly due to voltage induced gas desorption [14,18]. Empirical observations show that when the
voltage is higher than 250 kV, hydrogen gas molecules adhered to the vacuum chamber walls that
were not removed during the vacuum bake out, are pulled towards the electrode by the electrostatic
potential. Upon striking the electrode, they release secondary electrons that in turn strike the
vacuum chamber releasing more gas molecules in a cascade process that is extinguished only by
active pump down during high voltage processing. Depending on the size of the vacuum chamber
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and available pumping speed, we have observed with the JLab FEL vent/bake photogun in the
range of 1 hour per 1 kV increase to pump down the released amount of hydrogen [14].

b) Use the existing long custom insulator and work with the high voltage cable

company Dielectric Sciences Inc. to design the appropriate mating cable plug.

This approach builds on the previous test plan and although requires customization of
commercially available cable plugs, it simplifies the inverted insulator connection to the high
voltage cable by eliminating the use of SF, insulating layer and pressurized reservoir on top. For
this phase, we plan to engage with Dielectric Sciences Inc, the company from which we buy high
voltage cables and receptacles for the smaller R28 and R30 inverted insulators. With the long
custom insulator qualified in the first set of testing described above, the objective of this phase is
to design, fabricate, and test a large custom plug fitted to the long custom inverted insulator as a
new assembly to 500 kV, first with the test chamber filled with SF, and then under vacuum
conditions. As described in test plan a), we expect the high voltage condition phase to 500 kV in
vacuum to take approximately 300 cumulative hours.

¢) Design a 500 kV insulator compatible with commercial R350 high voltage cable.

Presently, we have only 6 of the long custom inverted insulators manufactured a decade ago
by SCT Ceramics in France. Even if the custom high voltage cable approach described above is
successful, there are no other commercial inverted insulators with the required dimensions to
operate at S00kV and that mate to commercial high voltage cables. We consider this concept to be
the ultimate solution as it simplifies and reduces the size of the proposed 350kV inverted photogun
connection to the power supply. The last phase of the project will focus on electrostatic design and
on demonstrating proof of principle. We plan to machine the designed insulator shape out of a
solid rod of PTFE plastic (polytetrafluoroethylene, dielectric constant of 2.1 and dielectric
breakdown strength of 55 MV/m), and then high voltage test it inside the SF, pressurized test
chamber with a commercial R350 cable plug.

Although the engineering design and fabrication of this new type of inverted ceramic insulator
goes beyond the scope of the proposed work, upon the project completion we expect to have
developed a conceptual 500 kV inverted insulator design that mates to the R350 commercial high
voltage cable, and therefore be in a position to collaborate with an insulator company in the United
States for developing the engineering design and manufacturing of such insulator through
SBIR/STTR initiatives. For example, MPF Products Inc, a Ceramic-to-Metal Electrical
Feedthroughs for Ultra-High Vacuum Systems manufacturer based in Gray Court, SC, has
expressed interest in collaborating with us, but their vacuum furnaces are not sufficiently large for
the firing and brazing of the proposed 500 kV inverted ceramic insulator.

Timetable of activities

Activities start after receiving awarded funds. At the end of each year, and/or when
milestones are achieved, results will be disseminated in form of peer-reviewed papers and
contributed oral talks/posters in workshops and conferences.

Major tasks and deliverables

1. Hire postdoctoral appointee.
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10.

11.

12.

13.

14.

15.

16.

Procure and install CST MicroWave studio solver and SolidWorks CAD software
packages.

. Perform electrostatic design of high voltage assembly comprised of electrodes mounted

to the existing long custom insulator with modified receptacle and intervening SF, layer.
o Electrostatic design package ready for engineering design.
Produce engineering drawings for electrodes, modified epoxy receptacle, and SF,
pressurized reservoir on top of long custom inverted insulator.
o Engineering drawing package ready for manufacturing.

. Fabricate components.

o Electrodes, modified epoxy receptacle, and SF, reservoir flange ready for
installation.
Assemble components and integrate to test chamber.
o High voltage test chamber assembled and connected to high voltage power

supply.

. Test high voltage assembly in SF..

o Report on test results.

. Test high voltage assembly in vacuum.

o Report on test results qualifying the high voltage performance of the long custom
inverted insulator with SF, intervening layer and modified epoxy receptacle.
Perform electrostatic design of custom high voltage cable plug to fit long custom
insulator.

o Electrostatic design package ready for discussion with high voltage cable vendor.
Work with Dielectric Sciences on designing custom high voltage cable plug to fit long
custom insulator.

o Procure custom high voltage cable plug.

Test high voltage assembly in SF.,.

o Report on test results.

Test high voltage assembly in vacuum.

o Report on test results qualifying the high voltage performance of the long custom

inverted insulator with custom high voltage cable plug.
Perform electrostatic design of 500 kV inverted insulator concept based on PTFE plastic
compatible with R350 commercial high voltage cable.

o Electrostatic design package ready for engineering design.

Produce engineering drawings for manufacturing PTFE plastic inverted insulator concept.

o Engineering drawing package ready for manufacturing.

Fabricate 500 kV inverted insulator concept from machined PTFE plastic compatible
with R350 commercial high voltage cable.

o PTEFE plastic inverted insulator concept ready for installation.

Test high voltage assembly in SF.,.
o Report on test results and evaluation of 500kV inverted insulator PTFE plastic
concept compatible with R350 commercial high voltage cable as a potential
design for a ceramic inverted insulator.
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Estimated task schedule starting after receiving awarded funds.

Tasks Year 1 Q1 Q2 Q3 Q4

. Hire postdoctoral appointee -

. Purchase and install software packages L

. Electrostatic design: electrodes + long insulator + SF6 intervening layer -

. Engineering design -

. Fabricate components -

. Assemble components -

. Test high voltage assembly in SF6 -
. Test high voltage assembly in vacuum -

e BN B RRV, RIF S NROS RN S R

Tasks Year 2 Q1 Q2 Q3 Q4
9. Electrostatic design: custom high voltage plug for long insulator

10. Work with Dielectric Sciences on custom high voltage plug

11. High voltage test long insulator + custom cable plug in SF6

12. High voltage test long insulator + custom cable plug in vacuum

13. Electrostatic design: 500kV insulator concept + R350 commercial cable

14. Engineering design

15. Fabricate 500 kV insulator concept out of PTFE plastic + R350 HV cable

16. Test high voltage plastic insulator concept + R350 HV cable in vacuum

Project Objectives

This proposal seeks two-year funding for a postdoctoral appointee to develop an
insulator/cable concept that operates reliably at 500 kV, extending the JLab inverted-insulator DC
high voltage photogun design to 350kV operating voltage with NO field emission for polarized
electron beams from delicate GaAs-based photocathodes.

Upon the project completion, the intention is to work with an insulator company in the
United States for developing the engineering design and manufacturing of such insulator through
SBIR/STTR initiatives.
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Appendix 4: Facilities and Other Resources

At Jefferson Lab, we have access to welders and to chemical cleaning facilities large
enough to accommodate the electrodes and vacuum chamber flanges. The electrode and ceramic
will be assembled in a clean room class 1000 located in our vacuum laboratory that has spigots
with dry nitrogen for dusting off vacuum components.

JLab counts with state-of-the-art machine shop facilities, where most of the DC electron
guns for CEBAF and for the FEL have been manufactured. The shop will be employed to machine
the test electrodes, inverted insulator top flanges, and PTFE plastic inverted insulator model.

The surface polishing and heat treatment of all test electrodes will be performed at the
JLab’s SRF Institute which hosts a variety of laboratory space with a tumbler polisher and a
vacuum furnace (see Appendix 5). The SRF facilities and our vacuum lab are located in the Test
Lab building where the cryo-module construction, assembly and testing takes place.

High voltage testing will be performed in the Gun Test Stand (GTS), a fully operational
radiation shielded enclosure adjacent to the JLab Low Energy Recirculation facility vault
(formerly the JLab FEL). The GTS enclosure has a fully functional personal safety system (PSS)
certified twice a year by JLab’s Safety Systems Group. The PSS is integral to the remote operation
of the high voltage power supply and test chamber inside the GTS enclosure.
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Fig. A4.1. Facilities drawing showing the low energy recirculation facility (LERF) vault and the
Gun Test Stand enclosure where proposed high voltage testing will be performed.
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Appendix 5: Equipment

The CST MicroWaveStudio solver and SolidWorks CAD software packages will be installed in a
dedicated PC Dell Precision 5820 tower with Processor Intel Xeon W-2135 CPU at 3.70GHz (6 core
processors) and 3696 Mhz (12 Logical Processors), 32 GB installed physical memory and two hard drives
465 GB each. The PC has an estimated value of $3,500.

High voltage testing will be performed using our Glassman 600 kV, 5 mA DC gas insulated (SF,)
power supply with 300 Mega-Ohm resistor connected to a R350 epoxy receptacle. The power supply is
installed and operational in our Gun Test Stand (Appendix 4) and is ready for connection with high voltage
cables. This power supply is fully functional via the remote computer-controlled EPICS system and has
been used for a 300 kV DC inverted insulator photogun to generate un-polarized electrons from multi-alkali
photocathode for magnetized beam studies. It is difficult to assign a dollar value to the power supply and
associated custom SF, tank because it was procured more than 20 years ago for the JLab FEL, but based on
current pricing of similar systems, the estimated value is $60,000.

The polishing and vacuum degassing of the test electrodes will be performed using the JLab SRF’s
R&D tumbler polisher and vacuum furnace, shown in Figure A5.1.

SF, gas transfer to/from storage bottles, test chamber and reservoir on top of the inverted insulator
will be handled with our group’s recovery/storage system by DILO with an estimated value of $20,000

Radiation levels from x-rays during high voltage processing will be monitored with a fully
functional Geiger-Muller tube radiation monitoring system designed in-house and integrated to EPICS. Up
to 8 radiation probe tubes can be mounted around the high voltage test chamber.

A vacuum chamber for high voltage testing has already been manufactured with a value of $8,000.

Pump down and vacuum bake outs of the high voltage test chamber will be performed using one
of our turbo pump systems with integrated Kr reservoirs, vacuum gauges and regulators for gas high voltage
processing, with an estimated value of $5,000.

In 2010, we procured 6 custom size long inverted insulators made by SCT Ceramics (France) with
a total estimated value of $60k. This type of insulator does not mate with commercial high voltage cable

plugs.

We also have the following vacuum components available for the proposed project:

Ion pump 6” CF and 100 I/s pumping speed with a value of $4,000
Turbo pump 6” CF and 300 1/s pumping speed with a value of $12,000
Pneumatic 6” CF gate valve with a value of $12,000

The estimated total value of available equipment for the proposed project is: $184,500
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Fig. A5.1. Left: Barrel polisher tumbler. Center: Vacuum furnace. Right: SF, recovery/storage system.
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Appendix 6: Data Management Plan

Dissemination of research results is a critical part of modern research and development, Jefferson
Lab supports the concept of data sharing and prolifically presenting research results at
international conferences and regularly publishes research results in peer-review journals.
However, any release of data is done in such a way to be compliant with any export control
mandates and to protect intellectual property (IP) and proprietary information where appropriate.
Jefferson Lab does not believe this technology contains any export controlled information,
however, if it is determined to be so, we will conduct an export control review as appropriate.

Types of Data Produced

The data types generated by the research described in this project include:
O Design notes, calculations, algorithms and computer simulations

Processes and controls

Processed data (e.g., analyzed data, tables, graphs)

Drawings and schematics

Oo0oao

Publications, talks and documents (e.g., papers in refereed journals, conferences and
workshops, internal technical notes, competitive incentive proposals)

The data management system will offer the following minimum capabilities:

O Data capture and storage

O User-friendly graphical access to laboratory, industry and international collaborators
O Backup and archiving of data
O

Compatibility with multiple formats (e.g., documents, spreadsheets, graphics,
presentations)

O Access controls

Plans for archiving and preservation

The products of this research will published in the open literature. The main venues are:
e Physical Review Special Topics — Accelerators and Beams
e Review of Scientific Instruments
e JEEE Transactions on Dielectrics and Electrical Insulation,
e Proceedings of the International Particle Accelerator Conference

e Proceedings of the International Conference on High Voltage Engineering

All the electronic files generated for this project will be preserved according to Jefferson Lab’s
record management policy and DOE's Research and Development Records Schedule.
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Policies for access and sharing, and provisions for appropriate protection/privacy

Documents generated and classified in the course of this project will be shared among
collaborators from the start of the project, and will be continually upgraded and updated. E-mail
will be the most common method to share information. Prior to making them available for wider
distribution, such as through journal publications or conference presentations, applications for
the protection of Intellectual Property would be filed, as agreed upon by all collaborators.

Electronic documents created during this project will be stored in a project folder on a network
drive maintained and backed-up daily by Jefferson Lab’s IT Division. Jefferson Lab has robust
cyber security processes and policies in place which will ensure data integrity and prevent
unauthorized access.

Policies and provisions for re-use re-distribution

Allocation of Intellectual Property rights will be in accordance with JSA’s Prime Contract with
the U.S. Department of Energy or under a separate CRADA between the Participants.

With the exception of items that have potential for Intellectual Property rights, data and expertise
acquired during this program will be either published, presented at conferences, or both.
Information will be made available to researchers elsewhere when the Intellectual Property rights
are secured.
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