3.3 Comparison with other AARD Facilities

Particle physics research is strongly dependent on the use of high-energy beams provided by charged particle accelerators, storage rings and the associated detectors. Operating in the extreme domains that are essential for successful particle physics research demands very specialized technology that takes substantial time and expense to invent, design, build, maintain and upgrade. It has long been recognized that historically, much of accelerator R&D took place using operating high-energy physics facilities. However, only in the last decade, a great number of the operating frontier facilities have been turned off in the US and worldwide – SLC, LEP, HERA, PEP-II, CESR-c, Fermilab’s Antiproton Accumulator, Debuncher and Tevatron, DAFNE, etc - and the opportunities for experimental AARD have correspondingly decreased. The critical lack of accelerator R&D test facilities has been appreciated and several dedicated facilities have been proposed and constructed, e.g.,  ATF at BNL [1], A0 Photoinjector at FNAL (recently closed and being moved to ASTA) [2], AWA at Argonne [3], BELLA at BNL [4], FACET at SLAC [5], and TTF at DESY (recently converted into FLASH, a high-gain free-electron laser) [6], etc. Such facilities are essential for progress of the field, and in the US are supported by DOE Office of High Energy Physics. 

Among all the facilities, ASTA has two unique features – i) it allows broad R&D in support of the program toward the intensity frontier accelerators and offers both linacs and ring, electrons and ions for the accelerator research, ii) due to employment of the advanced SC RF technology, record high average electron beam power and beam brightness available to users – see Fig.1. 
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Fig.1: Comparison of beam parameters of AARD facilities.

ASTA facility will offer variable energy electrons, from (~50 to ~800 MeV),  high-repetition rate (1-ms trains), L-band SCRF linac, small emittance photoinjector source, arbitrary emittance partition (with repartition of phase spaces to match final applications), tailored current profiles. IOTA ring will be capable to operate for a wide range of experiment with both 50-150 MeV electrons and 2.5 MeV ions/protons – see Table I.

Table I: Beam parameters available to users at the accelerator R&D facilities.

	Facility
	Energy
	Particles/s
	Macropulse duration
	Rep rate

	ATF
	25-70 MeV e-
	(3-10)×1011
	3 us
	1-3 Hz

	A0
	16 MeV e-
	(0.5-2)×1011
	~ us
	~1 Hz

	AWA
	70 MeV e-
	(1-6) ×1011
	~ us
	~1Hz

	BELLA
	1-5 GeV e-
	~0.1 ×1011
	<0.3 ps
	<1 Hz

	FACET
	21 GeV e-
	0.2 ×1011
	0.1 ps
	10Hz

	TTF
	1000 MeV, e-
	5×1013
	0.8 ms
	5-10 Hz

	ASTA   Phase 0  Phase I      Phase II
	50 MeV e-  300 MeV e-800 MeV e-2.5 MeV H-
	3×1014
	1-3 ms
	5 Hz

	
	
	3×1014
	1-3 ms
	5 Hz

	
	
	3×1014
	1-3 ms
	5 Hz

	
	
	>1015
	1 ms
	5 Hz


All of the current Intensity Frontier facilities and many of the future ones are based on circular accelerators with high intensity and high brightness beams. AAR&D at the operational accelerators are usually very difficult and opportunities practically non-existent, while there is no circulating beam (ring) facility in the US dedicated for R&D. ASTA will address the need and will have a dual species (electrons, ions) IOTA ring. The experiments and tests planned there cover broad range of important subjects – from beam-loss control, beam dynamics, novel optics to space-charge compensation, collimation, and diagnostics. Together with studies of the SC RF beam acceleration, that will promise of revolutionary techniques for intensity frontier facilities (Fermilab accelerator complex upgrades, Project-X, Neutrino Factory, etc). 
The needs of all future Energy Frontier accelerators which are currently being considered in the US can/will be addressed – future e+e- collider (SC RF beam studies and tests, high brightness electron sources, phase-space manipulations with them, positron production, etc), the LHC upgrades (space-charge studfies and compensation, optical stochastic cooling test and new beam collimation  techniques), Muon Collider and ultra-high energy colliders of far future (high beam loading SC RF acceleration, space-charge effects and compensation and OSC, use of crystals for beam shaping/acceleration). 
Accelerator Applications research and development will employ unique features of ASTA facility -  high power SC RF, high brightness source, high energy  – to test a variety of methods of relevance to future FEL accelerators, production of very high energy γ’s via Compton mechanism, SCRF technology development per se, materials, beam diagnostics and ultrafast choppers tests, etc. 
Table II summarizes relevance of the research proposed for ASTA and other facilities to the main thrusts of the DOE Office of HEP. 
Table II: Accelerator facilities and Accelerator R&D thrusts.

	Facility
	Main beams
	HEP Discovery Science
	Applications

	
	
	Intensity Frontier
	Energy Frontier
	

	ATF          (BNL)
	e-, CO2 laser 
	
	PWFA, LPWA for e+e- LCs
	FEL, γ’s, medical laser-gas 

	A0            (FNAL)
	e-
	
	e+e- LCs, PWFA
	FEL

	AWA        (ANL)
	e-
	
	e+e- LCs, DWFA
	

	BELLA      (LBNL)
	laser
	
	e+e- LCs, LWFA
	FEL, γ’s, medical laser-gas

	FACET      (SLAC) 
	e-, e+
	
	e+e- LCs, PWFA
	

	TTF           (DESY)
	e-
	
	Initially – e+e- LC
	FEL, SCRF technology

	ASTA  (Fermilab)
	e-,p/ions, laser
	Losses, beam dynamics, novel optics, space-charge compensation, collimation, diagnostics
	e+e- LCs, e+ sources, LHC  & upgrades, Muon Collider R&D
	FEL, γ’s, SCRF techn. dev. & test, material test


On average, some 9-12 FTEs are needed to operate each of the US AARD facilities, similar to what is expected for ASTA. The facility will be embedded in, and leverage resources and infrastructure from, the much larger operations and general technology development programs at Fermilab: accelerator infrastructure (cryogenics, electrical, LCW, etc), support functions (procurement, ESH, QA, accounting, etc.), skillful accelerator personnel (scientists, engineers, technicians),  education programs closely connected withleading Universities and laboratories (IIT, NIU, UIUC, UofC, ANL, ICL, etc), accelerator theory and computation/simulations tools (SciDAC , CHEF, etc), and will be synergetic with IARC (Illinois Accelerator Research Center). 
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