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This talk is on behalf of PierThis talk is on behalf of PierThis talk is on behalf of Pier Oddone Oddone Oddone,,,
Fermilab Director.Fermilab Director.Fermilab Director.

The views are (hopefully) his.The views are (hopefully) his.The views are (hopefully) his.

Many slides are from him, Deputy DirectorMany slides are from him, Deputy DirectorMany slides are from him, Deputy Director
Young-Young-Young-Kee Kee Kee Kim, and colleagues.Kim, and colleagues.Kim, and colleagues.
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Fermilab TodayFermilab TodayFermilab Today

World leader in particle physicsWorld leader in particle physics
along several fronts.along several fronts.
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6Assumes two experiments (CDF and D0)

2010
2009

Projection: DØ X
2

Possibility of EvidencePossibility of Evidence
for the SM Higgsfor the SM Higgs

D. Wood/D0
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FutureFuture Tevatron  Tevatron RunningRunning

TheThe Tevatron  Tevatron will continuewill continue
running through 2009,running through 2009,

and hopefully through 2010.and hopefully through 2010.
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CDMS CDMS –– Best dark matter bound Best dark matter bound
above 40above 40 GeV GeV
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FermilabFermilab’’s s RoleRole

Energy Frontier —

   Participation in the LHC program
   R&D towards the ILC; eventual bid to host

Intensity Frontier —

      Project X

Non-Accelerator Frontier —

 Astrophysics-Cosmology
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Astrophysics-Cosmology FrontierAstrophysics-Cosmology Frontier

Dark Energy Survey (DES) construction

Collaboration on SNAP

Support of CDMS – 25 kg

COUPP (Direct DM detection in a bubble chamber)
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NuMI (NOvA)
8 GeV ILC-like Linac

Project X    = 8 Project X    = 8 GeV GeV ILC-like ILC-like LinacLinac
+ Recycler+ Recycler

       + Main Injector       + Main Injector

Main Injector: 2.3 MW (120 GeV) for neutrinos
Recycler: 200 kW (8 GeV) for kaons, muons, … 

The Intensity Frontier With Project XThe Intensity Frontier With Project X

National Project with International Collaboration

DUSEL

Y-K Kim
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Neutrino MassesNeutrino Masses
Standard Model is incomplete.

Empirical proofs —

Neutrino Masses
Baryon Asymmetry of the Universe
Dark Matter
Dark Energy

Neutrino masses are the only new phenomena
seen so far in the laboratory.

They point, via the See-Saw, to new physics
at a very high mass scale.
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Neutrino Physics atNeutrino Physics at
the Intensity Frontierthe Intensity Frontier

Questions to be answered —

Does neutrino oscillation violate CP?
A positive answer would support
Leptogenesis as the source of the
Baryon Asymmetry of the Universe.

Is the neutrino mass spectrum quark-like,
as in Grand Unified Theories, or inverted,
pointing to a new leptonic symmetry?

What is the unknown mixing angle θ13?
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Answering this suite of
questions will require

intense neutrino beams
and large detectors.



“World-Leading Neutrino Program”

Neutrino Vision at Fermilab

By developing
a phased approach with

ever increasing beam intensities
and ever increasing detector capabilities

Neutrino Mixing, Mass Ordering, CP Violation

Y-K Kim
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Booster

Accumulator
Debuncher

Recycler
Main Injector

Tevatron

MiniBooNE
SciBooNE

MINOS
(200 kW, 120 GeV)

Present:
MINOS:
• best measurement of Δm2

23

• provide an early glimpse on θ13

MiniBooNE, SciBooNE:
• probe neutrino parameters
• measure neutrino x-sections

Y-K Kim
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Booster

Recycler
Main Injector

Phase 1:
MINOS
MINERvA
NOvA
(700 kW, 120 GeV)

NOvA:
• provide the first glimpse of the
  mass hierarchy for large θ13 - the only
   near term probe of hierarchy in the world
• excellent sensitivity to θ13

MINERvA:
• measure neutrino x-sections
  (above 1 GeV) to high precision

Y-K Kim
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The NOνA 
Experiment

Gary Feldman

810 km
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NONOννAA

• A study of νµ → νe and νµ → νe

•∼ 15 kton liquid scintillator detector

•  Off the axis of Fermilab’s NuMI neutrino beamline
• L = 810 km; E ∼ 2 GeV

• Main goal: Try to determine whether the spectrum is
Normal or Inverted
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Sensitivity to sin2(2θ13) ≠ 0

Gary Feldman                                P5 Meeting
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95% CL Resolution of the Mass
Ordering

NOνA Alone

Normal Ordering Inverted Ordering



27



28

95% CL Resolution of the Mass
Ordering

NOνA Plus T2K

Normal Ordering Inverted Ordering
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Booster

Recycler
Main Injector

Phase 1.5:

neutrinos
From Booster

NOvA
LAr 5 kton at Soudan
(700 kW, 120 GeV)

LAr 5 kton:
• if small scale R&D / experiments
  are successful.

NOvA + LAr 5 kton:
• enhancing the NOvA sensitivity
• enabling a new detector technology

Y-K Kim
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Evolution of the Liquid Argon Physics Program

R&D

R&D Physics

R&D Physics

R&D Physics

Physics !!!

Luke & Bo

ArgoNeuT

microBooNE

LAr5
near

Yale TPC

far

M x N = 100 kT

Purity, electronics development

Underground safety, cryo operation,
TPC performance, reconstruction

Cold electronics, evacuation
requirement, tank construction,
 insulation

Large Mass operation,
Technical & cost scaling

“phased R&D program”
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   ArgoNeuT (Spring 2008)R&D Physics

_See neutrino interactions
_ (~150 evts/day)

_Physics Development:
Simulation, reconstruction,
Verification of efficiencies
and purities

_Long term running conditions
_Underground issues

0.3 ton active volume
0.5 x 0.5 x 1.0 m3 TPC; 500

channels

Located in NuMI near hall
using MINOS near detector

as a muon catcher

Joint NSF/DOE project M. Soderberg, Yale
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Recycler
Main Injector

Project X Linac

Phase 2:
NOvA
LAr 5 kton at Soudan
(2.3 MW, 120 GeV)

NOvA w/ Project X
or NOvA + LAr 5 kton w/ Project X:

• enhancing sensitivity even further

Project X
Beam Power (kW)

Y-K Kim
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Recycler
Main Injector

Project X Linac

Phase 3

DUSEL (WC or/and LAr)
(>2  MW, 50 – 120 GeV)

(ν Detector = Proton Decay Detector)

Project X beam to DUSEL:

• enhancing the sensitivity markedly

Project X
Beam Power (kW)

Y-K Kim
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Recycler
Main Injector

Project X Linac

Phase 3

DUSEL (WC or/and LAr)
(>2  MW, 50 – 120 GeV)

(ν Detector = Proton Decay Detector)

Project X beam to DUSEL:

• enhancing the sensitivity markedly

Project X
Beam Power (kW)

Y-K Kim
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The 3The 3σσ  Reach of the Successive PhasesReach of the Successive Phases

sin22θ13 Mass Ordering CP Violation

N. Saoulidou
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Project X Linac Upgrade

4 GeV ν Factory

2 MW Target

DUSEL

Toward “Proton Intensity Upgrade”
Evolutionary Path to a Neutrino Factory

Neutrino Beam to DUSEL

Y-K Kim
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Evolutionary Path to a µ+µ− Collider

Y-K Kim
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ILC Alignment of Project XILC Alignment of Project X

Downstream 7 GeV would use ILC
cryomodules and RF distribution systems

H– ions, but same beam parameters as for ILC

Project X is based on an 8 GeV
superconducting H– linac.
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A Possible TimelineA Possible Timeline

Tevatron Collider runs through 2010

NOνA completed 2014

Muon and Kaon experiments running mid 201Xs

Project X accelerator completed 2nd half of 201Xs

Large detector available in DUSEL ∼ 2020

ILC starts taking data mid-202Xs
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Diverse DirectionsDiverse Directions

It is also suggested that after Tevatron Collider
shutdown, there be a Tevatron fixed-target program
including —
       – precision studies of νµ – e scattering
       – searches for new physics in the charm system

It is also suggested that Fermilab’s intense
antiproton source form the basis of a diverse
program including —
       – Hyperon CP violation studies
       – Antihydrogen CPT studies
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ConclusionConclusionConclusion
FermilabFermilab’’s s Project XProject X

provides a world-leading,provides a world-leading,
exciting, diverse programexciting, diverse program

for decades to come.for decades to come.


