DRAFT 10-172-11
Fermilab Proton Performance


NOvA (2012-2016)
120 GeV Fast Spill
120 GeV Beam Power	700	kW
Protons per pulse	4.9×1013
Pulse length	9.5	sec
Number of bunches	486
Bunch spacing	18.9	nsec
Bunch length (FWHM)	2	nsec
Pulse repetition rate	0.75	Hz

120 GeV Slow Spill
120 GeV Beam Power	32	kW
Protons per pulse	1.0×1013
Spill length	 5 	sec
Pulse repetition rate	 1 	per minute 

8 GeV Fast Spill
8 GeV Beam Power	115	kW
Protons per pulse	4.3×1012
Pulse length	1.6	sec
Number of bunches	81
Bunch spacing	18.9	nsec
Bunch length (FWHM)	2	nsec
Pulse repetition rate	2	Hz





Proton Improvement Plan (2017-2021)
120 GeV Fast Spill
120 GeV Beam Power	700	kW
Protons per pulse	4.9×1013
Pulse length	9.5	sec
Number of bunches	486
Bunch spacing	18.9	nsec
Bunch length (FWHM)	2	nsec
Pulse repetition rate	0.75	Hz

120 GeV Slow Spill
120 GeV Beam Power	<30	kW  (requires R&D)
Protons per pulse	<4.9×1013	(requires R&D)
Spill length	 5 	sec   
Pulse repetition rate	 1 	per 30 seconds with coincident fast spill
	2	per 25 seconds for dedicated slow spill 

8 GeV Fast Spill*
8 GeV Beam Power	335	kW   
Protons per pulse	4.3×1012
Pulse length	1.6	sec 
Number of bunches	81
Bunch spacing	18.9	nsec
Bunch length (FWHM)	2	nsec
Pulse repetition rate	6	Hz

8 GeV Slow Spill*	335	kW   
Protons per pulse	2.5×1013
Pulse length	1.0	sec 
Bunch spacing	1.7	sec
Bunch length (FWHM)	200	nsec
Duty Factor	12	%
Pulse repetition rate	1	Hz

*The sum of the fast and slow spill beam powers must be 30 kW or less. The slow spill example is shown is for Mu2e. In the current plan slow and fast spills are shared in a ratio of approximately 3:1.



Project X (2022-202X)
120 GeV Fast Spill
120 GeV Beam Power	2400	kW
Protons per pulse	1.6×1014
Pulse length	9.5	sec
Number of bunches	504
Bunch spacing	18.9	nsec
Bunch length (FWHM)	2	nsec
Pulse repetition rate	1/1.3	Hz

8 GeV Fast Spill*
8 GeV Beam Power	190	kW
Protons per pulse	2.7×1013
Pulse length	4.3	msec
Bunch spacing	6.2	nsec
Bunch length (FWHM)	20	psec
Pulse repetition rate	7/1.3	Hz

* The Project X pulsed linac operates at 10 Hz. The basic cycle time of 1.3 seconds is given by the Recycler/Main Injector complex operating at 120 GeV. Of the 13 linac pulses during this period, 6 are delivered to the Recycler/Main Injector complex for acceleration and targeting for the long baseline neutrino experiment, and the remaining 7 are available for 8 GeV experiments. The bunch parameters of this available beam are listed above. Lower duty factor beams could be produced, for neutrino applications, through the addition of an accumulator ring at the downstream end of the linac.
If the Recycler/Main Injector is operated at 60 GeV, the corresponding cycle time becomes 0.7 seconds. The beam power available at 60 GeV is 2020 kW, while the beam power available at 8 GeV drops to 50 kW.

3 GeV Slow Spill
3 GeV Beam Power	2900	kW
Bunch Structure	Programmable*
Protons per bunch (Max)	1.9×108
Bunch spacing	6.2	nsec
Bunch length (FWHM)	40	psec
Pulse repetition rate	CW*

* Independent bunch structures can be provided from the 3 GeV linac to three experimental areas simultaneously. The bunch pattern in any particular area must conform to the following requirements:
· Each bunch contains up to 1.9×108 particles (H- ions); 
· Bunches in each experimental area must be separated by either 12.4, 24.8, 49.6, or 99.2 nsec (80, 40, 20, 10 MHz);
· The bunch patterns must repeat every 1.0 sec;
· The total current, summed over the three experimental areas, must be 1 mA averaged over the 1.0 sec period.
An example is given below. The upper drawing shows bunches in the 3 GeV linac, color coded in terms of their ultimate experimental destination. The bottom three drawings show the deconvolution into the structures seen in the three experimental areas. The red area has a 1 MHz macrostructure and a 80 MHz microstructure; the blue area has a 20 MHz beam structure; the green area a 10 MHz beam structure. The number of particles/bunch is 1.7×108 and beam power to the three areas is 700, 1540, and 770 kW respectively.



 1 sec





[bookmark: _GoBack]










1 GeV Beam Power		500 kW
Provisions are provided for extraction at 1 GeV. The same constraints on the bunch patters apply as above. Total average current available should be limited to 0.5 mA when sharing with the 3 GeV program.

Project X Upgrade (2030-203X)
Project X is specified as being upgradeable to 5 mA average beam current in the CW linac and a 10 % duty factor (6.6 msec × 15 Hz) in the pulsed linac.

image1.png




image2.png




