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Science Strategy for the Future/Major Initiatives 
• Building a world-leading neutrino program 
• Upgrading the accelerator complex to meet future needs 
• Driving Large Hadron Collider research and upgrades 
• Launching a muon physics program 
• Advancing our understanding of dark energy, dark matter, 

and the cosmic microwave background 
• Leveraging accelerator expertise and infrastructure for the 

benefit of science and society  

TD Priorities 
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Fermilab Muon Program: 
muons as messengers of new physics!

Some new heavy particles in the loop (e.g. sleptons, gauginos, heavy 
Majorana neutrinos) couple to charged leptons. Then:!
•  The	
  lepton	
  flavor	
  conserving,	
  CP	
  conserving	
  part	
  of	
  this	
  contributes	
  to	
  muon	
  g-­‐2	
  
•  The	
  lepton	
  flavor	
  conserving,	
  CP	
  viola;ng	
  part	
  creates	
  an	
  EDM	
  
•  The	
  lepton	
  flavor	
  viola;ng	
  part	
  induces	
  mu	
  to	
  e	
  conversion.	
  Note	
  that	
  a	
  heavy	
  

Majorana	
  neutrino	
  sector	
  will	
  induce	
  this	
  automa;cally	
  

Mu2e expt give biggest jump in reach: 4 orders of magnitude! and 
richest potential program post-discovery: upgrades + new targets!



The HEP community is excited about this physics:  
e.g. Snowmass 2013!
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Charged Lepton Physics 

•  Charged Leptons easy to produce & detect ⇒  precise measurements 
•  SM rates negligible in some cases so new physics stands out 
•  Directly probe couplings of new particles to  leptons 
•  Diverse set of independent measurements 
•  Probe scales of > a few 103 TeV 

Charged Leptons 

Intensity Frontier summary at P5,  Nov 2,2013 

LFV= Lepton Flavor Violation 
LFC= Lepton Flavor Conserving 



P5 report 2008!
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The Frontiers of our Science: Beyond the Standard Model

Precision neutrino scattering experiments
Measurements of neutrino scattering have played an important role in development 
of the Standard Model. The first measurements of the weak neutral current came 
from neutrino scattering measurements on both electrons and nuclei, and neutrinos 
have probed the quark structure of the nucleon and provided measurements of the 
strong coupling constant across a broad range of momentum transfers. 
 
The previous section discussed oscillation measurements at many hundreds of kilome-
ters from the neutrino source. Here we discuss the questions that neutrino scattering 
measurements at short distances can address. A clear need for new scattering measure-
ments comes from the reliance of neutrino oscillation experiments on precise knowledge 
of neutrino scattering cross sections. The 2004 APS “Multidivisional Neutrino Study 
Report,” which set a roadmap for neutrino physics, predicated its recommendations on a 
set of assumptions about current and future programs including “determination of the 
neutrino reaction and production cross sections required for a precise understanding of 
neutrino-oscillation physics.” 

Neutrino scattering measurements from low to high energy 
The SciBooNE experiment is now collecting data. The MINERνA experiment is under 
construction and is scheduled to start collecting data in 2010. These small-scale 
experiments will perform measurements interesting in their own right and important 
to the success of the large-scale long-baseline neutrino oscillation experiments. 
Under Scenario A, MINERνA would not collect data beyond FY2010. 

There is an excellent physics case for a next-generation high-energy neutrino 
scattering experiment, such as NuSOnG or HiResMv. The Tevatron could be recon-
figured to drive this high-energy fixed-target experiment following the completion of 
the ongoing Tevatron collider run, but the operating costs would be substantial. 
Under none of the budget scenarios considered by the panel would the sum of the 
capital costs of the experiment and operational costs of the Tevatron be justified. 
However, new physics such as observation of a Z’ or heavy neutrino at the LHC 
would warrant revisiting this conclusion. 

Recommendation
  The panel recommends pursuing the muon-to-electron conversion 

experiment, subject to approval by the Fermilab PAC, under all 
budget scenarios considered by the panel. The intermediate budget 
scenario, scenario B, would allow pursuing significant participation 
in one overseas next-generation B factory. The more favorable 
funding scenario, scenario C, would allow for pursuing a program in 
rare K decay experiments.

3 . 2 . 3   A  H I G H - I N T E N S I T Y  P R O T O N  S O U R C E  
AT  F E R M I L A B

Fermilab’s management has proposed a long-range vision for the laboratory based 
on constructing a new high-intensity proton source. The new proton source would 
combine modifications of the existing Main Injector and Recycler rings with a new 
accelerator replacing the existing 8 GeV Booster and its injection linac.

Fermilab’s physics vision for this proton source has three main elements:

1.  A neutrino beam for long baseline neutrino oscillation experiments. A new 
2-megawatt proton source with proton energies between 50 and 120 GeV would 
produce intense neutrino beams, directed toward a large detector located in a 
distant underground laboratory.

US Particle Physics: 
Scientific Opportunities
A Strategic Plan  
for the Next Ten Years

Report of the Particle 
Physics Project 
Prioritization Panel

29 May 2008



P5 report 2014!
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Report of the Particle Physics Project Prioritization Panel 15

Recommendation 21: Invest in CTA as part of the small proj-
ects portfolio if the critical NSF Astronomy funding can be 
obtained.

Muons and Kaons
The Mu2e and muon g-2 projects represent a large fraction of 
the budget in the early years. These are immediate targets of 
opportunity in the drive to search for new physics, and they 
will help inform future choices of direction. The science case 
is undiminished relative to their earlier prioritization. The pro-
grammatic impacts of large changes at this point were also 
discussed and determined to be generally unwise, although 
the Mu2e profile could be adjusted by a small amount if needed. 

Recommendation 22: Complete the Mu2e and muon g-2 
projects. 

The ORKA kaon experiment would provide an opportunity to 
make measurements of a process with very small theoretical 
uncertainties in the Standard Model with discovery potential 
for multi-TeV scale new physics. It has the potential for signif-
icant improvement over CERN experiment NA62, which uses 
a complementary technique and which has a head start. The 
suite of measurements with ORKA would provide excellent 
training for students and postdocs, and this mid-size project 
offers additional balance to the large-scale projects in the field. 
Unfortunately, due to resource constraints and anticipated 
conflicts with the highest priority items in the Fermilab program, 
P5 cannot recommend moving ahead with ORKA at this time. 

Summary of changes in direction
Several of these recommendations represent significant changes 
in direction, which we highlight here:

• Increase to 20%–25% the fraction of the budget devoted to 
construction, and plan with care any further reductions in real 
funding levels for the research program. In our budget exercises, 
we adopted an internal guideline of >40% of the budget to be 
allocated to the research program.

• Change approach for the long-baseline neutrino program. 
The activity should be reformulated as an internationally coor-
dinated and internationally funded program, with Fermilab as 

the host, to reach the science driver goals specified in the text. 
A new international collaboration should be formed. 

• Upgrade the Fermilab proton accelerator complex to produce 
higher intensity beams, redirecting former Project-X activities 
and temporarily redirecting some existing accelerator R&D 
toward this effort. R&D for PIP-II should proceed immediately, 
followed by construction, to provide proton beams of greater 
than one megawatt by the time of first operation of the new 
long-baseline neutrino facility.

• Proceed immediately with a broad second-generation (G2) 
dark matter direct detection program with capabilities 
described in the text. Invest in this program at a level signifi-
cantly above that called for in the 2012 joint agency announce-
ment of opportunity.

• Provide increased particle physics funding of CMB research 
and projects, as part of the core particle physics program, in 
the context of continued multiagency partnerships. 

• Re-align activities in accelerator R&D, which is critical to 
enabling future discoveries, based on new physics information 
and long-term needs (see below, Enabling R&D recommenda-
tions). Specifically, reassess the Muon Accelerator Program 
(MAP), incorporating into the general accelerator R&D program 
those activities that are of broad importance to accelerator 
R&D, and consult with international partners on the early ter-
mination of Muon Ionization Cooling Experiment (MICE). In 
addition, in the general accelerator R&D program, focus on 
outcomes and capabilities that will dramatically improve cost 
effectiveness for mid- and far-term accelerators. 

2.3: Funding Scenarios
The Charge provides two constrained budget Scenarios, and 
a third, unconstrained Scenario. These Scenarios are understood 
not to be literal budget guidance but an exercise to help con-
front choices and identify priorities.

Scenario B and Scenario A
Scenario B is defined in the Charge as a constant level of fund-
ing (“flat-flat”) for three years, followed by increases of 3% per 
year with respect to the FY2014 President’s budget request 

 Report of the Particle Physics Project Prioritization Panel (P5) May 2014

Building for Discovery
Strategic Plan for U.S. Particle Physics in the Global Context

 Report of the Particle Physics Project Prioritization Panel (P5) May 2014

Building for Discovery
Strategic Plan for U.S. Particle Physics in the Global Context



Summary in Advance 

3 

•  We recommend the following elements as priorities for the  U.S. 
Particle Physics Program  

•  U.S. High Energy Physics  community continues to play a 
leading role in LHC operations and upgrades  

•  Fermilab hosts a world-class accelerator-based neutrino 
program 

•  The  next generation rare process experiments  will take place 
within this decade 

•  Continue to explore new particles and forces with a community 
selected set of experiments in the  cosmic frontier 

•  Participation in the ILC as an international partner when the 
concept matures to the appropriate level 

•  Plans for an upgrade of the accelerator complex to deliver multi-
megawatt beam power are developed 

•  Work with the world community on longer term accelerator 
technology options 
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The particle physics program in the next 
decade  

Gina Rameika for the 

 The Fermilab Science Priorities Working 
Group 

1 

Fermilab scientists are excited about this physics:       
report to P5, Nov. 2013!
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           LBNF Project  
               J. Strait, Head 
M. McCollum, Admin Support 

                  Neutrino Physics Department 
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Last Updated: 
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    Department 
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Fermilab organizational 
changes strengthen our 
ability to support Mu2e!



How will changes affect projects?!

•  The Chief Project Officer is accountable for the successful 
execution of our project portfolio in concert with successful 
operation of the scientific program!

•  The CPO will have authority from the Director to address issues 
and solve problems across divisions!

•  Projects themselves will be located within divisions!
–  PIP-II: Accelerator Division!
–  LARP, LCLS-II: Technical Division!
–  CMS upgrades, Mu2e, Muon g-2, Cosmic Frontier: PPD!
–  All neutrino projects: Neutrino Division!

•  To succeed on this slate of big projects will require increased 
focus and flexibility on how we direct our efforts and resources!
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Oct	
  2	
  All-­‐
hands	
  mee;ng	
  



Priorities!
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•  We are “one laboratory”, so priorities transcend divisional 
boundaries!

•  Priority = importance x criticality!
•  Priorities change over time!

Oct	
  2	
  All-­‐
hands	
  mee;ng	
  

A	
  dynamic	
  process	
  requiring	
  full	
  
engagement	
  of	
  senior	
  management	
  



Mu2e in Context!

•  Muon Program integrates three components: !
–  Mu2e experiment (DOE O413 Project) !
–  Muon g-2 experiment (DOE O413 Project),!
–  the Muon Campus Program (Accelerator Improvement Projects 

and General Plant Projects, funded through Accelerator 
Operations funding)!

•  Interfaces actively managed using interface documents and 
milestones, and monthly PMG’s and POG’s.!

•  Campus program complete FY17!
–  $55M overall commitment, $2.5M in last year (FY17)!
–  2 finish in FY15, 3 in FY16, 2 in FY17!
–  Completion well before Mu2e!
–  Being actively managed!
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Fermilab commitment!
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•  Fermilab is fully committed to Mu2e, and has already made 
substantial investments in the Muon Program!

•  We have implemented organizational changes that 
strengthen our ability to ensure the success of Mu2e while 
simultaneously supporting other projects and operations:!

–  Chief Project Officer and Office of Project Support Services!
–  Promoting “One Lab” culture, focus and flexibility!
–  Dynamic prioritization process with full engagement of senior 

management!

•  We are excited about this science and ready to move forward!


