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Work-scope Highlights:
The LERF beamlines are almost complete, only punch list items remain. The shielding design has been completed; construction is about to start. The crucible which holds the gallium has been redesigned to facilitate handling in the VCU hot cell. A Class A Shipping Container has been purchased and is on site. A lead pig which fits the shipping container has also been purchased, delivery is expected soon. At VCU, the remote handling manipulator has been purchased and delivery is also expected soon. At NMT, student training continues.

Brief summary of activity issues, concerns, successes: 
Beam has been delivered from the LERF gun and through the booster to a dump. No concerns at this time.

Milestones
M5 1KW target design and fabrication complete 
Planned for March 15, 2019, it will be delayed ~ 1 quarter
Target design was modified to simplify handling at VCU. We intend to make one or more crucibles in plastic and practice removing them from the target holder and opening them at VCU. When we are satisfied with the design, we will fabricate a target crucible from boron nitride for the first irradiations.
M7 Initial Isotope Separation Protocols Defined
Planned for February 28, 2019, achieved February 28, 2019
The initial protocols defined in the proposal were re-examined and were adopted for the initial separations.
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Summary of total expenditures:

	 
	 
Item/Task
	Baseline
Total Cost
	Costed 
&
Committed
	Estimate
To Complete
	Estimated
Total Cost

	ID #
	
	
	
	
	

	 
	 
	(AY$)
	(AY$)
	(AY$)
	(AY$)

	1
	Beam transport installation
	$66,600
	$62,972
	$3,628
	$66,600

	2
	50 kW target design
	$197,100
	$74,384
	$122,716
	197,100

	3
	Operations
	$104,300
	$2,705
	$101,595
	$104,300

	Totals:
	$368,000
	$140,061
	$227,939
	$368,000



Summary of expenditures by fiscal year (FY):

	
	FY 2018

	a) Funds allocated
	$368,000

	b) Actual costs to date 
	$127,884

	c) Uncosted commitments
	$12,177

	d) Uncommitted funds (d=a-b-c)
	$227,939



Details on, or further, issues/concerns
Beam-Related Activities
The primary goal at Jefferson Lab has been to install the new beamlines and resuscitate the LERF equipment. This has been extremely successful, despite having to work around the LCLS II testing in the LERF vault (which has been given priority).
The beamline between the cryomodule and the dump has been fully installed; punch list items concern vacuum pump down (achieved after the end of the quarter) and a few controls (also now complete).
The target beamline has been fully installed; it was pumped down together with the upstream section after the end of the quarter. The dipole magnet chamber came from a different magnet than the dipole selected for the isotope line. The dipole selected had better edge focusing characteristics, but fitting the chamber to the dipole took longer than expected. It is now aligned in the correct position. At this time, the target line ends in a normal window, which will only be replaced after the shielding has been installed to avoid possible damage.
The LERF electron gun was rehabilitated after almost 3 years inactivity. The gun initially reached 350 kV DC without problems. The photocathode was then heat cleaned in-situ to nominal 550°C and activated reaching ~5 % QE. The cathode heat cleaning induces field emission, which was quenched by nominal high voltage conditioning to 360 kV with the gun vacuum chamber filled with krypton gas. The electron gun successfully delivered 350 keV beam electrons for beam operations, requiring only 10% of the available drive laser power.
The booster, which contains two superconducting cavities, was tested and showed good performance, despite having been offline for three years. Beam was transported from the gun to a small dump downstream of the booster with a total energy of 8 MV.
The cryomodule was also recommissioned with all cavities having good gradient (see Table 1). Three of the cavities had stuck tuners; these can usually be unstuck with a ~40°K warm-up. This was not possible this quarter due to the cryogenic requirements of LCLS II. Since we can easily reach 18.5 MeV, which is required for our first irradiations, we have put off addressing this problem until it fits naturally into the cryogenics master schedule.
Table 1: Superconducting Cavity Re-commissioning Results
	Cavity
	FL02-1
	FL02-2
	FL02-3 *
	FL02-4 *
	FL02-5 *
	FL02-6
	FL02-7
	FL02-8
	Total Voltage

	Max Gradient MV/m
	6.5
	10.3
	10.0
	9.0
	8.0
	7.2
	9.3
	7.9
	34.1 MV

	Gradient for 1 hr MV/m
	6.0
	9.8
	9.5
	8.4
	7.0
	6.5
	8.5
	6.5
	31.1 MV


* Stuck Tuner					
At the end of the quarter, we were finishing the last punch list items and planning to take beam to the dump.
Shielding Design
We have completed the design of the shielding hutch surrounding the target and radiator, (see Figures 1 and 2). The primary shielding is provided by existing 13” SEG shielding blocks, augmented by steel plates. The rear of the hutch is on a set of Thompson rails and can be retracted manually using a wheel. This design facilitates a later upgrade to motorized opening of the hutch. A plug is provided above the target to allow for possible vertical extraction of the target.
The radiator will be attached directly to the beam window and will not normally be removed. The target assembly will be pushed in with the rear shielding wall, and will have a spring to push it against the radiator and a loose attachment that allows it to be withdrawn with the shielding wall.
[image: ] 

Figure 1: Layout of isotope target line, plan view
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Figure 2: Shielding hutch design, showing open and closed positions. Not shown are the 12” thick water containers surrounding the hutch to reduce the neutron flux. 
Construction of the shielding hutch will start this quarter, in parallel with replacement of one or both LCLS II cryomodules.
[image: ]Radiation Figure 3: Dose rate in rad around the hutch for a 40 MeV, 5 kW beam

The design of the shielding hutch meets the requirements determined by the Jefferson Lab Radiation Control Group to ensure that the radiation level in the LERF technical equipment gallery above the vault remains low enough for access during irradiations (<100 mrem/year).
The expected radiation levels in the vault surrounding the hutch are shown in Figure 3. These values are low enough to protect instrumentation and electronics in the vault.
A Class A shipping container has been purchased and is on site. A lead pig with ½” walls has been purchased to fit inside the shipping container; calculations show that this will be sufficient for all of the irradiations in this proposal. The pig is due to arrive in April 2019.
A remote manipulator has been ordered by VCU, with delivery also expected in April/ May 2019. A cold run to simulate shipment and handling is being arranged between JLab and VCU.
Crucible Design
A brainstorming session was held to look into all the aspects of the target design. This included how to seal the crucible, how to ground the gallium during the irradiation, how to remove the crucible from the cooling plates and place it in the pig, how to remove the crucible from the pig at VCU, how to open the sealed crucible using the remote manipulators in the VCU hot cell, etc. Here are the principal conclusions of the session and the follow-up studies.
We will irradiate gallium contained in a boron nitride crucible. Hexagonal boron nitride has high thermal conductivity in two planes, but it is low in the third dimension. We will check whether our boron nitride is polycrystalline; if not, the low-conductivity axis will be aligned with the beam direction.
The proposed crucible design has a hole drilled from the back and closed by a threaded carbon plug so it also acts as electrical ground. Flat shoulders will make the seal, and the plug has hexagonal head to allow the remote manipulator to unscrew it.
The crucible will be cooled with water cooled plates pushed against the sides of the crucible. We will be evaluating the pressure required to assure good thermal contact; we will probably use tin as an interface material (almost as soft as indium with a higher melting temperature).
For the initial tests, spring-loaded clips will push the plates against the crucible; this is known to be sufficient for the initial low-power irradiations. The clips can be easily released, and the crucible can be removed and placed in the pig with long handled tongs. That will not be good enough for the high-power irradiations, and we are evaluating different options for this case.
With the new crucible, shipping container, pig and manipulator in hand, we will proceed with a series of transport tests. First, we will take a sealed crucible with a solid (lead?) cylinder in the pig to VCU to test the proposed scheme of opening the crucible. We will then transfer via FedEx a crucible containing non-irradiated gallium in the pig and demonstrate that we can perform all of the steps for transferring the crucible from JLab to VCU. Finally, we will purchase Copper 67 from the DOE-ONP Isotope Program, dissolve it in gallium and repeat the transfer to VCU where we will test the separation technique.
These tests will be carried out over the next two quarters. Irradiation of gallium in a crucible will await successful completion of these precursor activities. The first irradiations were originally planned for FY19Q4, and we still intend to keep this schedule.

Visit to ANL Isotope Facility
A small group of scientists and engineers from Jefferson Lab visited the ANL Isotope Facility, kindly hosted by Jerry Nolen and Sergei Chemerisov. Irradiations at ANL are carried out in a ~500 sq. ft. shielded room. The shielding of the individual targets was calculated to permit access by the staff after irradiations have ended. This means that the electronics in the room are subjected to high dose and therefore have a short lifetime. Irradiations at Jefferson lab are in a vault where other programs are being carried out, so this approach would not work for us. Our shielding requirements have been calculated so that no instrumentation in the vault will suffer damage. This has the disadvantage that the shielding must be thicker and, in addition, significantly absorb the neutron flux.
Cooling of the targets at ANL is accomplished by flowing water over the target discs. We will look into adopting something similar for our crucible.
The major radiation field at ANL is due to Na24 produced in the alumina ceramic target holder. We suggested that they look into boron nitride as an alternative.
This was a very cordial visit and both sides agreed to continue discussions. Our thanks to the DOE-ONP Isotope Program Managers for helping set it up.  

NMT Activities
The DOE Office of Science approved a budget revision to incorporate Dr. George Kharashvili into the NMT effort.   Dr. Kharashvili, who has participated in this project from its beginning, will help mentor the NMT graduate students, conduct important simulations, and provide expert advice to the team.   George has now signed a contract with NMT and will commence work shortly.
The two NMT students (Mr. Robert Bentley and Mr. Geno Santistevan) presented posters on their projects to the annual NMT Student Research Symposium on April 10 and 11.  Shown below are their posters and pictures of them presenting.
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Both students are now working on their research proposals and forming their graduate committees (which will be formed by the end of May).
They have also begun planning for their first visit to Jefferson Laboratory, hopefully this summer, which will be synchronized with both the schedules of Jefferson Lab personnel and activities, as well as that of Dr. Kharashvili.  

[image: ]
[image: ]
image6.jpeg




image7.emf

image8.emf

image1.jpeg




image2.jpeg




image3.jpeg




image4.png




image5.jpeg




