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SUMMARY OF PROPOSAL

-  Description of Project:  A recent collaboration and visit to the Radiation Oncology of the Stony Brook University Hospital Cancer Center resulted in a proposal by Chairman professor Ruy Samuel submitted to the Dean. The Stony Brook proposal to build the proton radiation facility in collaboration with BNL includes: 1. The permanent magnet fast cycling synchrotron; 2. Transport beam lines a) Injection beam line from the cyclotron to the synchrotron with the b) extraction beam lines for connection of the synchrotron to the experimental beam line and to the 3. Permanent proton gantry. The funding to be established is estimated to be ~$40M. The injector for the synchrotron is the existing 16.5 MeV proton isotope production GE cyclotron with a separate extraction beam line.
For this LDRD we propose to build a part of the synchrotron arc made of few permanent magnets and show a proof of principle for novel compact and cost-effective fast cycling synchrotron. 
-  Potential Applications: Development of the Long Island proton cancer and FLASH radiation therapy facility at the Stony Brook Cancer Center in the Department of Radiation Oncology with possible participation of GE HealthCare.

- Fast Cycling synchrotron with the fixed permanent magnets and fixed betatron tunes for the FLASH cancer radiation therapy
This is a proposal based on the existing patent on permanent magnet Fixed Field Alternating Gradient accelerator. The previous patent required high RF power of the order of 10 MW as the acceleration had to be in a very short time to avoid crossing multiple resonances as the horizontal and vertical betatron tunes varied in a range 0.05-0.38. This proposal reduces the RF power from the previous 10 MW to 400 kW as the betatron tunes are fixed.
The proposal follows the successful commissioning of the Cornell Brookhaven Electron Test Accelerator (CBETA) accelerator one of 10 BNL best scientific achievements in 2020 [1-8]. The electrons were transported though the single beam line from the superconducting accelerator starting with energy of 36 MeV and finishing with 150 MeV, passing 4 times through the linac in acceleration mode and 4 times in decelerating mode making full energy recovery. 
This is a proposal of an extraordinary synchrotron as acceleration time does not depend on limited speed of magnet response. The acceleration cycle is limited only by the RF. In the present design the accelerator cycle frequency is 1.3 kHz. The proposal uses permanent combined function magnets lay out in a racetrack and occupying a very small area of 10 x 6 m.  The synchrotron permanent magnets are significantly smaller than warm iron synchrotron magnets. This specific energy range is very important for the proton cancer therapy and recent FLASH cancer radiation therapy [9]. The FLASH therapy occurs when the large radiation dose is delivered in controlled way during a very short time ~100 ms shows significant damage reduction to the normal tissue with destruction of the cancerous tumor.  

Expected results:
   We would like to build a section of the racetrack arc made of six cells and do the testing it in the BNL NASA facility by propagating and measuring protons in an energy range between 10 and 250 MeV. We expect that a part of the FFA arc, made of six FFA cells, will show clearly that all protons within this very large energy range are transported in predicted orbits. 



PROPOSAL: Section of Fast Cycling FFA Synchrotron
The fast-cycling FFA synchrotron proposal is based on the author’s existing patent [10] and previous invited talk at the International Accelerator Physics Conference IPAC in San Sebastian 2011 [11]. 
The proton therapy accelerator from 10 MeV to 250 MeV is designed using the racetrack lattice made of Non-Scaling Fixed Field Alternating Gradient (NS-FFAG) arcs and two parallel straight sections. The injector for this accelerator is the 16.5 MeV GE cyclotron already used in Radiation Oncology Department for isotope production.
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Figure 1: Layout of the FFA synchrotron (left) with orbits, betatron functions and dispersion (right).
The racetrack accelerator magnets in the arcs are combined function magnets with additional sextupole, octupole and decapole multipoles. The dipole bending field at the central lowest energy where the beam orbit is purely circular while the Neodymium Iron Boron magnetic residual induction is Br =1.3 T. 
The radial orbit offsets ‘DxMAX’ in the NS-FFAG arcs xmax < 38 mm (for the kinetic energy range between 10 MeV< Ek<250 MeV or momentum offset range between -68.2% < Dp/pCENT < 68.2%). The straight sections have proton orbits of all energies merged in a single orbit with zero radial offsets as it was successfully shown in the CBETA project. The straight sections in the racetrack are on two opposite sides. One is used one for acceleration, where the three RF cavities are placed, while the second one is used for the single turn proton injection and extraction with injection/extraction kickers and septa. The permanent magnets accelerator should reduce overall and operating cost. It fits into a very small area of 6 x 10 m space. The racetrack of the FFA synchrotron is shown in Fig. 1. with the betatron functions, orbits, and dispersion functions (on the right side).
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Figure 2: Available space at Stony Brook university Hospital. The beam lines, fast cycling synchrotron, and gantry are shown.

The goal of the proposal is to build one part of the FFA arc of the synchrotron consisting of 6 cells and test it at the NASA facility with the proton beam in the energy range between 10 and 250 MeV.
A tune vs. energy dependence for the fast-cycling synchrotron are shown in Fog. 9. A design is still in progress. The tune variation  in Non-Scaling FFA gradient design is within a range from initial 0.38 down to 0.04. This new dependence removes crossing multiple resonances and increase of the beam emittance or beam loss. It allows a dramatic reduction of the RF power from 10 MW down to 300-400 kW as the number of turns in the synchrotron can be raised from the precious 900 up to 3600. The permanent magnet design for this solution of the lattice design is shown in Fig. 3. It is important to note a small magnet size of both focusing and defocusing non-linear magnets. This size is to be compared with the large iron synchrotron magnets. The combined function magnets with the dipole and quadrupole magnetic field have additional multipoles: sextupole, octupole and decapole allowing the tune dependence to be fixed. A cost and electrical power savings are additional significant advantages.
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Figure 3: Tune dependence on energy in the Fast-Cycling synchrotron. Magnet design for the Fast-Cycling Synchrotron (left), the focusing combined unction magnet and the defocusing function magnet (right).

This LDRD will allow us to build an arc section of the fast-cycling FFA synchrotron. After the magnets of the arc block are successfully tested and corrected by multiple magnetic measurements the arc block will be tested with a 10-250 MeV proton beams. We expect a full confirmation with the beam measurements showing us that a proof of principle of the Fast-Cycling-Proton-Synchrotron with permanent magnets could be built.
 In proton acceleration within the non-relativistic energy range the main problem is the limitation on the speed of magnetic field response to the change of energy. This limitation is now eliminated by using the permanent magnets for the same energy range. This is an extraordinary solution. It is possible to get synchrotron cycling with 1.3 kHz with respect to present maximum possible rates of 15-60 Hz. One of possible application is in FLASH cancer radiation therapy.

This proof of principle would enable new areas of research at BNL using the same principle but building the magnets with multi-layer superconducting wires and making:
1. Small, energy efficient, and fast cycling proton drivers for NPP and HEP
2. Fast cycling synchrotron for muon collider or accelerator driven system (ADS) for transmutation of nuclear waste
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1. ALIGNMENT WITH THE LABORATORY MISSION AND VISION
This proposal is connected to the mission of the Collider Accelerator Department for the DOE present and future in Relativistic Heavy Ion Collider to develop and maintain the existing and future accelerator Brookhaven National Laboratory facilities. It includes only essential part – couple of arc cells of the future synchrotron accelerator to be build and tested within the existing CAD proton beam lines. It is a proof of principle for future proton drivers, and it is applicable for the cancer proton therapy. It presents the best possible solution for the new FLASH cancer radiation therapy. 

3. POTENTIAL FUTURE FUNDING 
We are expecting the Stony Brook University hospital and GE HealthCare to be the essential providers of the funding estimated to be of the order of $40M. 

4. BUDGET JUSTIFICATION
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5. NAME OF SUGGESTED BNL REVIEWERS
Francois Meot is familiar with the FLASH therapy.
	2. POTENTIAL FUTURE FUNDING
There are continuing regular contacts and exchange of information between the CAD and the Radiological Oncology Department of the Stony Brook University Hospital with respect to the development of the Proton Cancer Therapy facility. 

3. POTENTIAL EARLY CAREER AWARD INVESTIGATORS (if applicable)
The earlier carred award might be possible with a young scientist contributing to the important spin off the nuclear physics 

4. BUDGET JUSTIFICATION
Include a description of all costs requested in your budget. You do not need to describe the Lab burdens. 

5. NAME OF SUGGESTED BNL REVIEWERS

Provide the name of two BNL subject matter experts who may be contacted as potential reviewers of your proposal. Their reviews will be in addition to those conducted by the Associate Lab Directors and their Deputies and the Directors of the Computational Science Initiative and Advanced Technology Research Office, Members of the Brookhaven Council, and Scientists not associated with the research. 

6. EQUIPMENT (Reference: DOE Order 413.2C Chg. 1 (Min Chg) for guidance on equipment restrictions)
	Will LDRD funding be used to purchase equipment?
 
If “Yes,” provide cost and description of equipment
Year 1 - $	     

Year 2 - $	     

Year 3 - $	     

Description:       

7. HUMAN SUBJECTS (Reference: DOE Order 443.1C)
Are human subjects involved from BNL or a collaborating institution?
            Human Subjects is defined as “A living individual from whom an investigator obtains either (1) data about that individual through intervention or interaction with the individual, or (2) identifiable, private information about that individual”.
If yes, attach copy of the current Institutional Review Board Approval and Informed Consent Form from BNL and/or collaborating institution.
	Y/N
	Y/N NO

	
8. VERTEBRATE ANIMALS
Are live, vertebrate animals involved?					
	Y/N
	


NO

	If yes, attach copy of approval from BNL’s Institutional Animal Care and Use Committee.	
	Y/N
	


	
	
	





		9. NEPA REVIEW
Are the activities proposed similar to those now carried out in the 
Department/Division which have been previously reviewed for potential environmental impacts and compliance with federal, state, local rules and regulations, and BNL’s Environment, Safety, and Health Standards?  (Therefore, if funded, proposed activities would require no additional environmental evaluation.)
	Y/N
	






YES

	If no, has a NEPA review been completed in accordance with 
the National Environmental Policy Act (NEPA) and Cultural Resources Evaluations Subject Area and the results documented?
	Y/N
	

YES

	
(Note: If a NEPA review has not been completed, submit a copy of the work proposal to the BNL NEPA Coordinator for review. No work may commence until the review is completed and documented.)

	
	

	10. ES&H CONSIDERATIONS
Does the proposal provide sufficient funding for appropriate decommissioning of the research space when the experiment is complete?
	Y/N
	


YES

	
Is there an available waste disposal path for project wastes throughout the course of the experiment?
	Y/N
	

YES

	
Is funding available to properly dispose of project wastes throughout the course of the experiment?
	Y/N
	

YES

	
Are biohazards involved in the proposed work?  If yes, attach a current copy of approval from the Institutional Biosafety Committee.
	Y/N
	

NO

	
Can the proposed work be carried out within the existing safety envelope of the facility (Facility Use Agreement, Nuclear Facility Authorization Agreement, Accelerator Safety Envelope, etc.) in which it will be performed?
	Y/N
	



YES

	If no, attach a statement indicating what has to be done and how modifications will be funded to prepare the facility to accept the work.	
	
	



	

	11. TYPE OF WORK
	Select Basic, Applied or Development 
	Applied
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Department Chair/Division Manager
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	To the Department Chair/Division Manager: Please indicate if this project is a sensitive technology under the S&T Risk Matrix. (Note: Red projects require an Access Management Plan.) 
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Yellow
Red 
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Cognizant Associate Lab Director/Computational Science Initiative Director/Advanced Technology Research Office Director 
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FY24 FY25
RIC Description Year 1 Year 2 TOTAL
100 Salaries 11,277 91,452 102,728
Subtotal 11,277 91,452 102,728
Total Labor 11,277 91,452 102,728
Total Dist. Tech. Services - - -
280 Foreign Travel -
290 Domestic Travel -
300 PO Purchases - - -
Total MST - - -
Total High-Value Procurements 162,663 - 162,663
Total Equipment (Low Value) -
701 Departmental Org Burdens 8.85% 998 [ 8.85% 8,093 9,091
272 Departmental Org Burdens 1.04% 117 | 1.04% 951 1,068
701 Directorate Org Burdens 3.60% 406 | 3.60% 3,292 3,698
Distributed Org. Burdens 1,521 12,337 13,858.05
Total ODC 504 4,088 4,592
480 Space (direct) (480,482) -
481  Space (distributed) 10.52% 1,186 | 10.52% 9,621 10,807
482 Maint Space Charge - Direct -
491 Tandem -
493  Other Research Machines (BLIP/NSRL) 6,842 6,842
251  Building Power (distributed) 1.15% 130 | 1.15% 1,052 1,181
250 Machine Power 318 318
Total Power 130 1,369 1,499
Total Cost (Excluding Overhead) 177,280 125,709 302,990
745 Procurement 7.00% 11,386 | 7.00% - 11,386
746 Adj Proc Burden - - -
735 VAB G&A 0.00% - 0.00% - -
711 Adj Traditional Burden - - -
730 VAB Common Inst 44.00% 11,333 | 44.00% 54,291 65,624
730 VAB Common Inst (JA Only) 12.60% - 12.60% - -
722 Safeguards & Securities 0.00% - 0.00% - -
738 FIE 0.00% - 0.00% - -
705 LDRD Burden 0.00% - 0.00% - -
Total GRA 56.60% 11,333 | 56.60% 54,291 65,624
Project Total 200,000 180,000 380,000
Full Cost Recovery 0.00% - 0.00% - -
Sub Total 200,000 180,000 380,000
Prior Year Carry Over - - -
Sub Total Project Funded Cost 200,000 180,000 380,000
Expected Funding - - -
Total Authorized Funds (New Funds) 200,000 180,000 380,000
Carry Forward - - -
Total Project Cost Plan | 200,000 180,000 380,000
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