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Where is DUSEL ?

575 feet
252 feet



Outline
• What do we need for a DUSEL beam?

– Experimental Goals
– Proton beam requirements
– Neutrino beam requirements

• What did we learn from building NuMI?
– Summary of the time line
– Evolution of the project - technical
– Evolution of the project - cost & schedule
– Lessons learned



The Questions for Long Baseline
Neutrino Oscillation Experiments

• What is the size of θ13?
• Is the hierarch normal or

inverted?
• What is the value of δCP?

P(νμ→νe) ≈ sin2θ23 sin22θ13 sin2(1.27Δm2
31L/E)

P(νμ→ντ) = sin2θ23  sin2(1.27Δm2
23L/E)

P(νe→νµ) = sin2θ12  sin2(1.27Δm2
12L/E)

In vacuum; δCP = 0



An experiment’s sensitivity is measured in 
sin22θ13 and δCP space

Lines ~represent equal numbers
Of signal events for a given set of sin22θ13,δCP 

More neutrinos or more mass; 
more neutrinos → instantaneous intensity+ time



Experimental Techniques
Off-axis/narrow band beam On-axis/wide band beam

νµ → νe 



Why is the longer baseline so
much better?

• Oscillation maxima are moved to higher
energy

• Matter effects are significantly larger



The Main Idea : optimize the spectrum to
the oscillation probability



Charge current
events per
100kT mass
per 1 MW per
107 sec

No detector model
or backgrounds

(NuMI - 120 GeV
WBLE - 60 GeV)

DUSEL 
rates

~10-1000 evts



• 60 -120 GeV protons from the Main Injector fed by
Project X

3x1020 POT/yr

6x1020 POT/yr

20-40x1020 POT/yr

10x1020 POT/yr

Recent sensitivity 
studies are being done
for 120x1020 POT each
ν and ν  (120 GeV)



Proton Beam Intensity Requirements
• Integrated intensity goal

– 240 (480) x 1020 POT @ 120 (60) GeV
• Annual intensity goal

– 20 (40) x 1020 POT @ 120 (60) GeV
• Instantaneous intensity

– Single turn extraction (10µs every 1.4 sec)
• No rate effects at far detector

– 15x1014 per spill → 2 MW at 120 GeV



Neutrino Beam Requirements*
• The maximal possible neutrino fluxes to encompass at

least the 1st and 2nd oscillation nodes, which occur at
2.4 and 0.8 GeV respectively

• Since neutrino cross-sections scale with energy, larger
fluxes at lower energies are desirable to achieve the
physics sensitivities using effects at the 2nd oscillation
node

• To detect νµ → νe  at the far detector, it is critical to
minimize the neutral-current  contamination at lower
energy, therefore minimizing the flux of neutrinos with
energies greater than 5 GeV where there is little
sensitivity to the oscillation parameters is highly
desirable

• The irreducible background to νµ → νe appearance signal
comes from beam generated νe  events, therefore, a high
purity νµ beam with as low as possible νe contamination
is required

*From “Simulation of a Wide-Band Low-Energy Neutrino Beam 
for  Very Long Baseline Neutrino Oscillation Experiments”,
Bishai, Heim, Lewis, Marino, Viren, Yumiceva 



The general concept to date
• The present extraction of the Main Injector into the NuMI

primary beam-line will be used.
• An additional tunnel will be constructed starting from the

approximate location of the NuMI lower Hobbit door, at the end
of the carrier tunnel, in order to transport the proton beam to the
west.

• The radius of curvature of the tunnel bending west will be similar
to the Main Injector curvature which will enable protons with
energies up to 120 GeV to be steered along the bend using
conventional magnets

• The target hall length is ≤ 45 m.
• A decay tunnel length of up to 400 m can be accomodated on

the site assuming the near detector is 300m from the end of the
decay pipe.

• The low energy neutrino flux can be enhanced by increasing the
decay pipe radius. A radius of ~2 m would be desirable.

• For a ~2MW beam the concrete shielding needed around the
decay pipe will be ~2.5m



Specifics : Targets and Horns

• Preliminary concept has been used to
generate the flux for sensitivity studies







Been there, done that…

NuMI : Chronology, Cost
Experience and Lessons Learned



NuMI Long Baseline Initiative
• May 1989 : Main Injector Physics Workshop : Soudan II as a

long baseline neutrino detector
• March 1991 : Proposal for a Long Baseline Neutrino Oscillation

Experiment using the Soudan 2 Neutrino Detector - P-822
• April 1991 - Conceptual Design Report : Main Injector Neutrino

Program, Physics goals, Technical Concepts and Civil
Construction: Chapter 3 - Long Baseline Neutrino Oscillation
Experiments

• November 1991 : Long Baseline Neutrino Oscillation Workshop
• March 1992 : Update of P822, the Soudan 2 Proposal for a

Long Baseline Neutrino Oscillation Experiment
• June 1993 : June 1993 update to the P822 proposal for a long

baseline neutrino oscillation experiment
• October 1993 : Progress report and revised P822 proposal for a

long baseline neutrino oscillation experiment from Fermilab to
Soudan

• November 1993 : Project Definition Report, Rev. 0
• June 1994 : Project Definition Report, Rev. 1



• July 1994 :  Open letter from J. Peoples to Physics community
• Outlined Fermilab plan for short and long baseline

experiments using a neutrino beam from the Main
Injector

• Time scale for starting 2000…
• December 1994 : Fermilab Director forms the NuMI Project
• February 1995 : P875 (MINOS) : A Long Baseline Neutrino

Oscillation Experiment
• June 1995 : MINOS Proposal approved
• June 1995 : DOE conducts first cost review of the NuMI/MINOS

project



Project definition evolution





The real issue : How much does it cost?









• June 1996 : DOE Issues Mission Need Statement (~CD-0)
• September 1997 : Conceptual Design for the Technical

Components of the Neutrino Beam for the Main Injector (NuMI)
(TM-2018)

• May 1997 : Budget Validation Review
• September 1997 : Project Validation Review (~ CD-1)
• October 1997 : $5.5M appropriated for Conceptual Design
• October 1998 : The NuMI Facility Technical Design Report
• November 1998 : Project Baseline Review (~CD-2)



June ‘95
Civil ~ $45 M



Actual : $10,769



Finally, a ν beam project ….

NuMI TEC

NuMI Civil construction : $75M
NuMI Technical components : $30M
AY$ at project completion 03/05

Civil construction included:
2 access shafts
Target & absorber halls
2m diameter x 
675m shielded decay tunnel
By-pass tunnel
Near Detector hall

2001 re-baseline added
 $33M to the TEC* 
More recent projects have been 
required to incorporate larger initial
contingency

*OPC was only slightly adjusted to match re-baseline schedule



TEC Actuals : 2005 AY $





Lessons Learned
• Every project takes longer than you think it will
• Every project costs more than you think it will/should
• Projects planned over a long period of time will

experience lots of rule changes
• Over a 10 year period of planning a project, there is a

good chance that the Physics goals and world wide
context of the project will change

• Projects planned over a long period of time need to
have scope flexibility (even though that is generally
against the rules…)

• Most important : In the early stages (first 5 years) the
NuMI Project design team was pitifully understaffed,
and supported in words only (NO real engineering
resources allocated),  leading to a prolonged project
launching



Program Evolution
Fiscal Year 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Accelerators

    8 GeV Protons on Target / year (Power) 1.60E+21

    Main Injector (120 GeV) 220 kW 300 kW 300 kW 400 kW 400 kW 760 kW 760 kW 760 kW ~1 MW 2.3 MW 2.3 MW 2.3 MW 2.3 MW 2.3 MW 2.3 MW 2.3 MW 2.3 MW

    120 GeV Protons on Target / year 2.30E+20 1.00E+21

    Project X R&D        Construction Commiss. Operation

    Shutdown for NuMI and Project X ~10 months 6-12 months

Neutrino Program

  1. Operating

      MiniBooNE Operation

      SciBooNE Operation

      MINOS - Far Operation

      MINOS - Near Detector Operation

2. Construction

      MINERvA ConstructionCommiss. Operation

      NOvA R&D Construction Commiss. Operation

3. Liquid Argon Detector  Evolution

       ArgoNeuT (0.3t) Operation

      MicroBooNE (170t) R&D Construction Operation

      LAr 5kT at Soudan R&D        Construction Operation

4. Superbeam to experiment R&D Construction Commiss. Operation

5. Large Detector at DUSEL

      Large Cavern Engineering R&D

      Water Cerenkov Detector

             PMT production R&D PMT Production

             Module 1 Excavation + Inst + Opr R&D Excavation Installation Operation

             Module 2 Excavation + Inst + Opr Excavation Installation Operation

             Module 3 Excavation + Inst + Opr Excavation Installation Operation

AND/OR

      LAr100 -  M x N plan

             Module 1 Excavation + Inst + Opr R&D Excavation Construction Installation Operation

             Module 2 Excavation + Inst + Opr Excavation Construction Installation

             Module 3 Excavation + Inst + Opr Excavation Construction Installation

3.1E21 (200kW)

2.40E+21

2.7E20 (17 kW)

7.90E+204.20E+203.10E+20




