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Below is what is should be for Sergei’s 4/16 tables with removal of FY 15 and FY16 US PAS portion explicitly stated for this B&R:
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These totals do not include Mark Palmer’s request for R&D on high gradient normal conducting RF (NCRF) structures (under Advanced Acceleration Concpts) near the end.
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If you want to add Mark’s GARD request, here it is: 
again, not included in $10,866 totals fir FY16 and FY17
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FY15 Progress 
Accelerator and Beam Physics

Achieved first 20 MeV electron beam through the ASTA/IOTA electron injector.  Started first of the accelerator physics experiments with this injector 

Particle Sources and Targets

Formed the 21-person strong Target Systems Department in the Fermilab Accelerator Division.  Plus recent approval of a Post-Doctoral Research Associate. (need to be added to added to FWP numbers).

Superconducting Magnets and Materials

Completed development of the 11 T Nb3Sn dipole for LHC upgrades and began design of the 15 T Nb3Sn dipole for the Future Circular Collider (FCC).  Tengming Shen is continuing to apply his Early Career Award to these efforts. 

RF Acceleration Technology

Dr. Anna Grassellino was awarded an Early Career Award which resulted in dramatic progress in the development of the FNAL-discovered nitrogen doping technique to increase SRF cavity efficiency.  Along with understanding and developing optimized cooldown procedures, this lead to the record Q0 values for SRF cavities (Q0 > 2 x 1011 up to Eacc > 20 MV/m).


FY16 Overview
Fermilab’s GARD program is diverse and covers thrusts of activities of vital importance for the Laboratory’s medium- and longer-term future: Accelerator and Beam Physics (which includes world-leading intensity frontier accelerator R&D at the ASTA/IOTA ring and development and support of beam theory, modeling and simulations tools of general use),   Particle Sources and Targets, RF Acceleration Technology (focused mostly on the SRF research and development and studies of new, more effective SC materials), and Superconducting Magnets and Materials (which support the high-field magnet R&D program). These thrusts are fully aligned with recent (Spring 2015) report of the HEPAP subpanel on the accelerator R&D, which expressed particulary strong support for these thrusts as basis for the “Next Step” HEP accelerators. Much smaller scale activities at Fermilab are envisoned in the Advanced Accelerator Concepts thrust as well as support of the summer interships in accelerator science and technology (“Other” category).  
It is to be noted that funding for the US Particle Accelerator School (US PAS) in FY16 and FY17 is not included in the GARD plans which explains most of the reduction in the KA2501012 B&R category compared to FY15. Without US PAS, the GARD funding is essentially flat overall as well as for the individual thrusts. The FY16 and FY17 funding levels indicated in the Table in above will be grossly insufficient to address the HEPAP subpanel recommendations 1-6, 14, and 15 over the envisioned timeline.  In particular, a) the funding for the IOTA test facility will be about 3.6 M$/yr short of meeting the goal of the research program start in FY18; b) the High-Power Targetry R&D program will be slowed at least by a factor of three, resulting in completely missing the P5 recommended timeline for the HEP high intensity experimental program of the next decade; c) the planned funding  the SC magnets thrust puts at risk the procurement of the Nb3Sn conductor in support of the 16 Tesla magnet program. 
FY17 Preview
As indicated in the Table above, the FY17 GARD budget is the same as in the FY16 plan, hence all the comments above for FY16  will equally apply to FY17. As the result, the IOTA ring will not be able to begin operation with electrons, let alone with protons; the progress of the High Power Targetry (HPT program will be delayed by some 2 years; etc.  We expect that the FY17 OHEP GARD  portfolio will be rebalanced to reflect major recommendations of the HEPAP Accelerator R&D subpanel and funding of the Fermilab’s major GARD activities will significantly increase. 

Accelerator and Beam Physics  
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This thrust is focused on the successful completion of the IOTA facility construction, its commissioning, and the start of the corresponding research program. This research is vital for the Laboratory’s future. The Accelerator R&D HEPAP sub-panel’s Recommendations 2 and 3 in Scenario A read, “2. Construct the IOTA ring, and conduct experimental studies of high-current beam dynamics in integrable non-linear focusing systems… 3. Support a collaborative framework among laboratories and universities that assures sufficient support in beam simulations and in beam instrumentation to address beam and particle stability including strong space charge forces.”

Major activities under this thrust include: 

i) IOTA/ASTA facility and experimental research: 
The design, construction, and commissioning of the facility has been progressing according to the plan and at the rate afforded by the available funding: a) the first significant milestone was reached in March 2015, when the IOTA e-injector construction has been completed and the first electron beam successfully accelerated to 20 MeV. The accelerator commissioning has started along with the first accelerator physics experiments; b) the construction of high-energy ASTA beam transport line has been started; c) the engineering design of the IOTA ring is continuing, along with the procurement and manufacturing of components (magnet power supplies, corrector magnets, radio-frequency accelerating system, injection system, magnetic measurements of the IOTA quadrupole magnets).  The collaborative plan for high-intensity beam physics research at IOTA is being developed as recommended by the HEPAP Accelerator R&D subpanel. The training of accelerator scientists is progressing jointly with university partners.  Four graduate students have been performing their research at IOTA/ASTA. 
It is expected that with the available FY15 funding, we will fully characterize the IOTA e- injector beam at 20 MeV, and perform two first accelerator physics experiments in the beam line. The construction of 300 MeV beam line will be approximtely 50% complete. 
The plan for FY16 and FY17 includes:
1. Finish the installation and begin commissioning of the 300 MeV beam line including diagnostics/instrumentation and controls interfaces; 
2. Install the second capture cavity in the ASTA injector beam line and increase the beam energy to 50 MeV; continue the experimental program in the low energy beam line (generation of tera-Hertz radiation);
3. Install the IOTA ring and its electron injection line (50% in FY16), and start commissioning the electron beam operation of IOTA in FY17;
4. Move and install the HINS proton injector (in FY17); and
5. Begin accelerator physics research program at IOTA with electron beams in FY17. 
Only the first two items and about half of the third item could be supported under the above listed budget for FY16-17. Start of the electron beam commissioning then will be delayed to FY18 or later. A significant (about 3.6 M$/year) increase of support for IOTA construction, commissioning, and research is needed to meet the goal of full facility operation in FY18. As noted above in the Executive Summary, we expect that the FY17 OHEP GARD  portfolio will be rebalanced to reflect major recommendations of the HEPAP Accelerator R&D subpanel and funding of the IOTA conatruction and research in the Accelerator and Beam Physics thrust will be significantly increased. 

ii) Theory, modeling and simulations : 
In the accelerator theory, modeling and simulations areas, the GARD funds are used to support development of theoretical and numerical models and simulation codes and techniques relevant to increasing performance of high-intensity accelerators, and (in smaller scale) to energy frontier accelerators, such as the Very High Energy Proton-Proton/Future Circular Collider (VHEPP/FCC).  In FY16: 

1.     Models and modeling of single and multi-particle dynamics and collective effects will be used to help study and mitigate beam losses for the proton source, Recycler and Main Injector accelerators in the PIP, PIP-II and post-PIP-II eras.  The planned developments include: i) theory and simulations of coherent instabilities driven by e-cloud as well as external impedances; ii) analysis of possible Recycler optics modifications (including integrable optics insertion)  which would allow us to introduce Landau damping with strong nonlinear elements; iii) new computational algorithms for express simulations of beam dynamics with strong space charge. We will continue to study multi-bunch dynamics in the Recycler and Main Injector, utilizing the models we previously developed as well as extending them from bunch-on-bunch to batch-on-batch simulations. 

2.     We will study the full Booster cycle, including transition, with space charge and impedance effects.

3.     We will continue theoretical and numerical modeling for the development and analysis of experiments at the IOTA facility.

All of the above activities will leverage the simulation capabilities developed with the support of the ComPASS project under the DOE SciDAC3 program.

The DOE CAMPA project will allow us to deploy and support Synergia, as well as developing joint efforts at code development with colleagues at LBNL and SLAC.

5. Revolutionary developments on coupling the particle production and transport MARS code with the object-oriented ROOT framework for geometry description and visualization, and with the MAD-X code for accelerator lattice description and beam dynamics started in FY15, will continue aiming at the integrated highly-efficient system for beam loss, collimation, energy deposition, targetry and radiological simulations for high-intensity accelerators (PIP-II and PIP-III), proton colliders (HL-LHC and VHEPP) and their experiments such as LBNF/DUNE, Mu2e, etc.

6. The evaluated nuclear data library TENDL-2014 will be implemented into the MARS code to substantially increase its predictive power for low-energy proton beams crucial for front-end stages of high-intensity accelerator complexes. With this implementation, the integrated system described in item (5), will be used to design the collimation system for Recycler, investigate possibilities for improving performance of the Booster and Main Injector in the increased beam power regime, and simulate beam-induced effects in the IOTA/ASTA and PIP-II components.

7. Participate to the optics design of energy frontier accelerators, such as multi-TeV lepton collider and Very High Energy Proton-Proton collider.
Given that the highest priority in this thrust is to finish construction and establish experimental research program at the IOTA facility, it will not seem possible in the current budget scenario for FY16 and FY17 to establish so much needed concerted effort towards a design of the next generation  cost-effective intensity frontier accelerator facility (aka PIP-III) which would upgrade the Fermilab accelerator complex performance to multi-MW levels of the proton beam power on targets.  

Particle Sources and Targets
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Future plans for the Fermilab accelerator complex, guided by the recommendations from the 2014 Report of the Particle Physics Project Prioritization Panel (P5 Report), include a world-class 1.2 MW neutrino target facility (LBNF) in the mid-term and multi-MW power upgrades to the neutrino and high-intensity rare process experimental facilities in the far-term. Innovation in targetry is required to support this program. The P5 Report also stated: “High power targets, as noted at Snowmass, will address critical needs and should be included in GARD.”
To address this recommendation, Fermilab prepared an outline of a multi-year program of High Power Targetry (HPT) R&D activities, including resource estimates, needed to support the future US HEP program. The Accelerator R&D HEPAP sub-panel’s number one recommendation in Scenario A for Multi-MW Proton Beam reads, “Fund generic high-power component R&D at a level to carry out needed thermal shock studies and ionizing radiation damage studies on candidate materials that are not covered by project-directed research.”
In FY2015, progress was made in many areas, such as the continuation of the radiation damage studies into beryllium and graphite, including examination of the irradiated NuMI primary beam-line beryllium window via advanced microscopy techniques such as Atom Probe Tomography and in-situ TEM (Transmission Electron Microscopy) examination of beryllium while being irradiated with 10 keV helium ions up to 10 Displacements Per Atom (DPA). A beryllium thermal shock test with 440 GeV proton beam was conducted at CERN’s HiRadMat facility. As well, an autopsy was conducted at Fermilab of the NuMI/MINOS neutrino target (NT-02), retrieving graphite target “fins” for further examination. High strain-rate and high temperature testing of beryllium was performed at Southwest Research Institute (SwRI) to determine strength model parameters relevant for the high energy, pulsed proton beam environment (thermal shock). Fermilab continued the leadership of the RaDIATE collaboration (Radiation Damage In Accelerator Target Environments), including MOU revision to add six institutions as Participants (LANL, ANL, MSU-FRIB, ORNL, ESS, and CIEMAT).
In FY2016 and FY2017, it is planned to continue HPT R&D activities as outlined in the program presented by Fermilab to the Accelerator R&D HEPAP sub-panel. However, the budget plan shown in the Table is approximately one third of the required funding to execute the full program (FY16: $2,338 K; FY17: $2,925 K). At this level, several activities will not be supported or will be delayed until later years. These unsupported activities are critical to mitigating significant risks associated with designing and operating high power target facilities in the future and must be addressed within the next budget cycle in order to meet the schedule requirements for future projects (LBNF). Note that the described activities include (as M&S contributions) the labor and services provided by collaborating institutions, primarily BNL and PNNL. 
The following major activities can be supported during FY16 & 17 with the current budget guidance:
1. Continuation of radiation damage studies of candidate materials via the RaDIATE collaboration including irradiation at the Brookhaven Linac Isotope Producer facility (BLIP) and Post-Irradiation Examination (PIE) at PNNL of previously irradiated materials;
2. PIE in support of the first Beryllium thermal shock test at CERN’s HiRadMat facility;
3. Low-energy ion irradiation experiment at the Michigan Ion Beam Laboratory via the Advanced Test Reactor - Nuclear Science Users Facility (ATR-NSUF) and PNNL; and
4. Continued leadership of the RaDIATE collaboration, including revision of the Memorandum of Understanding (MOU) to add additional institutions as Participants (CERN, GSI, PSI, J-PARC).
The following major activities cannot be supported during FY16 & 17 with the current budget guidance:
1. High strain-rate and temperature testing of beryllium at SwRI to determine damage model parameters relevant to high energy, pulsed proton beam (thermal shock);
2. High heat-flux cooling studies to explore novel and/or advanced methods of cooling at extremely high heat flux (> 10,000 W/m2/K);
3. Engineering studies and prototyping of advanced manufacturing techniques for extending lifetime of HPT components and systems;
4. Follow-on thermal shock experiment at CERN’s HiRadMat facility to explore response of materials to high-intensity beam at elevated temperatures; and
5. Purchase of a thermal diffusivity measurement machine (laser flash type) for use in a hot cell enabling direct measurement of thermal conduction of irradiated materials.
As noted in the Executive Summary, we expect that the FY17 OHEP GARD  portfolio will be rebalanced to reflect the major recommendations of the HEPAP Accelerator R&D subpanel and funding of HPT R&D at Fermilab will significantly increase.

Superconducting Magnets and Materials 
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The High Field Magnet (HFM) Program at Fermilab is focused on development of advanced superconducting (SC) magnets, materials, and baseline technologies for present and future particle accelerators. During the past decade the program focused on the 10-15 T Nb3Sn accelerator magnets. In the longer term, the program will thrust the development of accelerator magnets beyond the limits of Nb3Sn technology with fields of 20-25 T based on low temperature superconductor LTS (Nb3Sn) and high temperature superconductor HTS (Bi-2212 or YBCO) coils.

In FY15, the development of the 11 T Nb3Sn dipole for LHC upgrades, performed since FY11 in collaboration with CERN, has been finished. We assembled and tested the first twin-aperture dipole model MBHDP01, and a single-aperture dipole model MBHSP04 without collar to demonstrate the dipole cost reduction. The design of the 60-mm aperture 15 T Nb3Sn dipole demonstrator for FCC has started. A comprehensive 2D/3D magnetic and mechanical analysis was performed, magnet specifications and an engineering design of the 4-layer dipole model were released. The cable and coil tooling, and magnet parts were designed and procured; cable samples were fabricated and tested. 

In FY16, the work on the 60-mm aperture 15 T Nb3Sn dipole will continue. We will fabricate Nb3Sn cable, and two inner-layer and two outer-layer coils. Two 1-m long 15 T dipole models based on the 4-layer coil design will be assembled and tested. To reduce the cost and the development time, the two innermost coil layers in the 1st dipole model will use the coils used in the 11 T dipole. Nb3Sn strands in support of FY16-FY17 work will be procured.

In FY17, the work on the 60-mm aperture 15 T Nb3Sn dipole will continue. Two additional 1-m long 15 T 4-layer dipole models based on optimized strands will be assembled and tested to achieve 16 T field and demonstrate performance reproducibility. Twin-aperture 16 T dipole concepts based on the larger cables, graded coils, cold and warm iron yokes will be developed and compared with the goal of reducing the Nb3Sn magnet cost with respect to the present LHC main dipole.  A small HTS dipole insert will be designed.  

The work on the Nb3Sn strands and cables in FY16-17 will focus on the increase of the conductor current density at high fields and the cable transport current in collaboration with US DOE Conductor Development Program (CDP) and Oxford Superconducting Technology (OST). The work on Bi-2212 strands and cable will concentrate on the development and demonstration of 10-20 kA class Bi-2212 cable for HTS dipole inserts. The Bi-2212 strand and cable R&D is partially funded by an Early Career Award (Tengming Shen).

It has to be noted that the above mentioned funding level (~2.5M$/year in FY2015-17) for the SC magnet and material program is minimal. It is sufficient just to continue a meaningful activities towards our goals and obligations. If the budget will be further reduced, we will not be able to procure Nb3Sn conductor in support of magnet program in FY16-FY17 (long lead item) and we will not be able to fabricate and test a 15-16 T Nb3Sn dipole demonstrator. The work on HTS magnets will be discontinued.

RF Acceleration Technology
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At Fermilab, the activities in this thrust are focused on the Superconducting RF (SRF) R&D program to advance scientific understanding of limiting phenomena in state-of-the-art SRF cavities, to develop breakthrough techniques for improving SRF cavity efficiency (high Q) and gradient reach, as well as to lower cavity and cryomodule capital and operational costs.  These goals are in line with Recommendations 4 and 6 of the HEPAP Accelerator R&D Subpanel report. The program utilizes world class SRF infrastructure at Fermilab, as well as leverages additional facilities and expertise at local and international collaborators - i.e. Univ. of Illinois at Urbana-Champaign, Univ. of Chicago, Northwestern University, IIT, PSI (Switzerland), TRIUMF (Canada), and CERN.

FY15 has seen dramatic progress in developing FNAL-discovered nitrogen doping technique for multifold increase in SRF cavity efficiency for 1.3 GHz technology, with LCLS-II at SLAC being the first benefactor. Application of nitrogen doping to 650 MHz cavities for PIP-II led to almost doubling the Q0 as compared to the standard preparation method highlighting the potential of doping for lower frequency machines such as FCC. Detailed investigations into the cooldown dynamics of SRF cavities and its impact on the resulting Q0 led to the new understanding of relevant parameters for optimizing cooldown procedure with the goal of minimizing losses caused by the trapped magnetic flux.  The highest ever measured Q0 values in SRF cavities (Q0 > 2 x 1011 up to Eacc > 20 MV/m) have been achieved by the combination of nitrogen doping and efficient flux expulsion. Significant advances in fundamental understanding were made by direct cryogenic observations of the formation of lossy niobium hydrides on the microscale using Laser Confocal Scanning Microscopy, and on the nanoscale using the combination of Focused Ion Beam (FIB) preparation and Transmission Electron Microscopy (TEM).  Hydride size and density has been correlated to the observed cavity performance. On material cost savings, we acquired Nb-Cu explosion bonded sheets suitable for single cell 650 MHz cavities. We also tested 3-cell fully spun, weld-free spun Nb cavity to reach 35 MV/m with high Q. Strong peer-reviewed publication record and multiple invited talks at top accelerator conferences highlighted the FY15 success of the program.

Several new scientific hires in critical areas of expertise further strengthened the GARD SRF team, enabling both state-of-the-art surface analytical investigations using FIB/TEM and an accelerated startup of the Nb3Sn program.

In FY16 we will continue research into understanding the basic physical mechanisms behind the nitrogen doping effect and Meissner expulsion dependency on the thermal gradient at the superconducting/normal conducting phase front. Additionally, we will further explore the frequency dependence of nitrogen doping (325 MHz, 650 MHz, 1.3 GHz, 3.9 GHz) with the goal of extending its benefit to a wider variety of SRF based accelerators.  The high Q R&D is partially supported by an Early Career Award (Anna Grassellino, TD)

Following the recommendations of HEPAP Accelerator R&D Subpanel an increased emphasis in FY16 will also be put into exploring routes for achieving 80 MV/m accelerating gradients on the time scale of ~10 years. These include starting up of Nb3Sn reactive diffusion apparatus with the design capability for depositing a range of multicell cavities of different frequencies (650 MHz, 1.3 GHz, and 3.9 GHz for the initial plan). Improving gradients and Q’s will be guided by studying cavities with thermometry followed by dissection and detailed investigations of performance limiting areas. We will also start exploration into alternative ways of making films of Nb3Sn and other promising materials, using e.g. CVD and ALD. Cost-savings research will include manufacturing and testing the multicell Nb/Cu clad cavity from the available sheets, which Fermilab already acquired from Cornell and continuing the multi-cell weld-free cavity spinning efforts. 

Advanced Acceleration Concepts
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Below is the additional Request from Mark Palmer - not included in Totals table at top
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Text updated May 12
FY16 Executive Summary 
The focus of the FY16 experimental effort into high gradient normal conducting RF (NCRF) structures is aimed at the development of more robust and higher gradient structures capable of operating in a range of magnetic environments (from B=0 to several Tesla), at  understanding key features of our model of RF breakdown and damage, and at developing novel new applications of NCRF structures utilizing the unique capabilities provided by the MTA facility.  Studies will include exploration of the capabilities of both vacuum and gas-filled RF cavities.  
[bookmark: _GoBack]FY16 Plan
The focus of the vacuum RF structure research during FY16 will be to validate our model of RF breakdown utilizing a custom-designed 805 MHz RF cavity and to confirm the material-dependent aspects of that model.  The results of these studies will guide our effort towards designing more robust NCRF cavities that can operate at higher gradients, including structures being developed for higher frequency operation, and will help complete the research program of one of our Fermilab Peoples Fellows and the graduate research program of one of our Joint Accelerator PhD students.  Preliminary exploration of the RF signal requirements for experiments such has the Axion Dark Matter Experiment, in which RF structures must be operated in high magnetic fields, will also be explored.
FY17 Preview
In FY17, we expect to complete the FY16 experimental thrusts for both the vacuum cavity research.  At the conclusion of these activities, an updated set of performance specifications for this type of device will be prepared along with a detailed analysis of the requirements for the applications described above.


Other (training)  
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Starting FY16, this category does not include support of the US Particle Accelerator School (US PAS) but does cover two summer internship programs in accelerators (Lee Teng, jointly with ANL, and PARTI for international students). They are characterized by stable list of deliverables and required funding levels.   
The internships in accelerator science and technology annually support 13 students (5 in the Lee Teng Internship and 8 in PARTI). These programs usually attract outstanding pool of applicants at the MS level and provide a steady flux of talented youth in the area of accelerators. Fermilab provides intern’s salaries, the research project and a mentor. Students carry out research at Fermilab’s AD, APC, TD and SCD organizations and report and publish their results at the end of their terms. 
In both FY16 and FY17:   13 MS students will be selected for the Lee Teng and PARTI summer internships and will carry out research at Fermilab.  
16
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Request

SWF

$0 $0 $271 $552

M&S

$0 $0 $151 $267

**SUM DOLLARS

$0 $0 $422 $819

FTE

0.00 0.00 1.35 2.70

Advanced Acceleration 

Concepts (AD)                      

High Gradient RF R&D
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FY17 Lab 

Request

SWF

$2,940 $4,083 $3,988 $4,081

M&S

$1,185 $969 $879 $617

**SUM DOLLARS

$4,125 $5,052 $4,867 $4,698

FTE

11.23 15.72 14.00 14.00

Accelerator and Beam 

Physics (AD + SCD)
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FY17 Lab 

Request

SWF

$243 $379 $461 $502

M&S

$299 $409 $400 $485

**SUM DOLLARS

$542 $788 $861 $988

FTE

1.37 1.28 1.55 1.65

Particle Sources and 

Targets (AD)
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SWF

$1,678 $1,845 $1,852 $1,809

M&S

$335 $708 $708 $708

**SUM DOLLARS

$2,013 $2,553 $2,560 $2,517

FTE

8.29 7.40 7.40 7.40

Superconducting 

Magnets and Materials
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Actual
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Plan

FY16 Lab 

Plan

FY17 Lab 

Request

SWF

$4,946 $800 $1,009 $1,009

M&S

$4,878 $1,200 $1,439 $1,508

**SUM DOLLARS

$9,823 $2,000 $2,448 $2,517

FTE

22.01 3.50 4.20 4.20

RF Acceleration 

Technology 
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SWF

$0 $0 $0 $0

M&S

$0 $0 $0 $0

**SUM DOLLARS

$0 $0 $0 $0
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0.00 0.00 0.00 0.00

Advanced Acceleration 

Concepts (AD)
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$0 $0 $271 $552

M&S

$0 $0 $151 $267

**SUM DOLLARS

$0 $0 $422 $819

FTE

0.00 0.00 1.35 2.70

Advanced Acceleration 
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High Gradient RF R&D
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Plan

FY16 Lab 

Plan

FY17 Lab 

Request

SWF

$1,918 $1,071 $0 $0

M&S

$153 $236 $150 $166

**SUM DOLLARS

$2,071 $1,307 $150 $166

FTE

7.59 3.72 0.00 0.00

Other (education, 

training, internships, etc.)


