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Abstract 
As the Fermilab Tevatron Collider program draws to a 

close a strategy has emerged of an experimental program 
built around the high intensity frontier. The centerpiece of 
this program is a superconducting H- linac that will 
support world leading programs in long baseline neutrino 
experimentation and the study of rare processes. Based on 
technology shared with the International Linear Collider 
(ILC), Project X will provide multi-MW beams at 60-120 
GeV from the Main Injector, simultaneous with very high 
intensity beams at lower energies. Project X will also 
support development of a Muon Collider as a future 
facility at the energy frontier. 

STRATEGY FOR EVOLUTION OF THE 
FERMILAB COMPLEX 

After twenty five years of operations as the highest 
energy particle collider in the world, the Fermilab 
Tevatron has now ceded the energy frontier to the Large 
Hadron Collider (LHC). The current plan is to continue 
operations of the Tevatron through September 2011. In 
parallel Fermilab has operated, and will continue to 
operate, the highest power accelerator based neutrino 
program in the world since 2005. The Japanese Proton 
Accelerator Research Complex (J-PARC) has recently 
initiated operations of a neutrino beam which will become 
competitive with the Fermilab facility over the next few 
years.  

The above situation has been anticipated for many 
years and in preparation the Department of Energy’s and 
NSF’s High Energy Physics Advisory Panel (HEPAP), in 
coordination with Fermilab, has outlined a strategy for 
U.S. elementary particle physics over the coming decades 
[1, 2]. This strategy establishes a framework for ongoing 
research in elementary particle physics based on three 
frontiers – the energy frontier, the intensity frontier, and 
the cosmic frontier. The first two of these frontiers are 
heavily reliant on accelerator facilities, and it is 
recognized that within the U. S. Fermilab will remain the 
sole laboratory providing such facilities. Within this 
context Fermilab has established an overall strategy of 
retaining and expanding our world-leading program on 
the intensity frontier, while using this program as a bridge 
to an energy frontier facility beyond LHC in the long 
term. 

A multi-megawatt proton source, known as Project X, 
is the key to Fermilab’s strategy for the future. Project X 
will provide long term flexibility for adapting to 
opportunities on both the intensity and energy frontiers, 
supporting a continuously evolving world leading 

program in neutrino and rare processes physics, 
accompanied by applications outside of elementary 
particle physics. At the same time the technologies 
deployed within Project X are aligned with the needs of 
energy frontier facilities including the ILC and muon-
based facilities. Project X could evolve into the front end 
for either a muon-based Neutrino Factory or Muon 
Collider. 

PROJECT X GOALS AND INITIAL 
CONFIGURATIONS 

Project X is being developed to meet the mission need 
contained in the strategic plans developed by Fermilab 
and HEPAP [1, 2]. Design goals are based on three 
mission elements defined within these strategic plans: 
• A neutrino beam for long baseline neutrino 

oscillation experiments. The desired beam power is 
in excess of 2 MW, available at any energy over the 
range 60-120 GeV. 

• High intensity, low energy proton beams for kaon 
and muon based precision experiments. The desired 
beam power is in excess of 100 kW per experiment, 
at an energy in the range 3-8 GeV, and with a variety 
of duty factors and bunch configurations. It is 
essential that this program be operable simultaneous 
with the neutrino program. 

• A path toward a muon source for a possible future 
Neutrino Factory and/or a Muon Collider. This 
requires an upgrade potential to approximately 4 
MW of beam power in the energy range 5-15 GeV, 
accompanied by options for delivering this beam 
power in a modest number of bunches. 

 
Two facility configurations have been developed to date 

that could meet some or all of these goals. Both 
configurations feature a superconducting H- linac paired 
with the existing Recycler and Main Injector rings to 
support the neutrino and rare processes programs.  

Initial Configuration-1 
Initial Configuration-1 (IC-1) is shown schematically in 

Figure 1. This configuration features very strong 
alignment with ILC technologies and is described in 
detail elsewhere [3, 4]. The central features are an 8 GeV 
superconducting H- linac that operates with a duty factor 
of 0.3%. 

IC-1 fully meets the long baseline neutrino design goals 
given above. However, it does not provide a strong 
platform for mounting the low energy rare processes 
program. Several problems became evident as this 
configuration was developed: 1) the Recycler, because of 
its very large circumference (3300 m), is ill-suited to 
providing a high intensity slow spilled beam at 8 GeV; 
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Figure 6: Conceptual layout of a Muon Collider. The 
Project X linac is situated on the lower half of the 

Tevatron infield, upstream of the rings needed to prepare 
the linac beam for targeting. 

 
 
 
Table 3: Project X Collaborating Institutions 
 

Project X Collaborating Institutions 
Argonne National Laboratory 
Brookhaven National Laboratory 
Cornell University 
Fermilab 
Lawrence Berkeley National Laboratory 
Michigan State University  
Oak Ridge National Laboratory 
Stanford Linear Accelerator Center 
Thomas Jefferson National Accelerator Facility 
ILC/Americas Regional Team 
Bhabha Atomic Research Center 
Inter-University Accelerator Center 
Raja Ramanna Center for Advanced Technology 
Variable Energy Cyclotron Center 

 

Strategy and Timeline 
The goals for the next six months are to complete 

documentation, including a preliminary cost estimate, for 
Initial Configuration-2. In parallel the R&D plan 
corresponding to this configuration is being updated, and 
resources are being aligned with this plan.  

While the bulk of the R&D will be concentrated in the 
area of superconducting rf at all relevant frequencies, we 
will specifically pursue several outstanding technical 
issues: 1) identifying a baseline concept for the broadband 
chopper; 2) identifying concepts for pairing a 3-8 GeV 
pulsed linac with a CW front end; and 3) developing 
options for multi-turn injection into the RCS or Recycler. 

We believe that Project X could be constructed over a 
five year period, assuming a commensurate funding 
profile. We have been informed by the U.S. Department 
of Energy that the earliest possible date for a construction 
start would be FY2015. If such a scheduled were 
achieved, Project X could be available to support a 
physics research program in ~2020. 
 
Summary 

Project X is central to Fermilab’s strategy for 
development of the accelerator complex. Construction of 
Project X would enable a world-leading program in the 
physics of neutrinos and rare processes. The technology 
development is aligned with the need of the ILC and 
various muon accelerators. Potential applications are also 
available beyond elementary particle physics, e.g. nuclear 
physics and accelerator driven systems (ADS).  

The Project X design concept has evolved over the last 
year and now provides significantly enhanced physics 
capabilities as compared to prior concepts. The current 
configuration supports in excess of 2 MW of beam power 
at any energy between 60-120 GeV, simultaneous with 3 
MW at 3 GeV. Multiple experiments can be supported 
with varying beam requirements. The CW linac is unique 
within the world and offers capabilities that will be very 
difficult to duplicate in a synchrotron.  

With adequate support Project X could be constructed 
over the period 2015-2019, providing a unique facility for 
physics research starting around 2020.  
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