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Muon cross-cut:  Users!
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Mu2e collaboration

Roughly 160 collaborators from 30 institutions 

2/12/152 Kyle Knoepfel | Mu2e Highlights

Adam Lyon | Muon Program 2015-02-10

The Muon g-2 collaboration  34 institutions  155 members
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Italy!
•Frascati!
•Roma 2!
•Udine!
•Pisa!
•Naples!
•Trieste!

China!
•Shanghai!
!
!
!
!

The Netherlands!
•Groningen!
!
!
!
!

Germany!
•Dresden!
!
!
!
!

Russia!
•Dubna!
•Novosibirsk!
!
!
!
United Kingdom!
•University College London!
•Liverpool!
•Oxford!

!
!

Republic of Korea!
•KAIST!

!
!
!
!

 US Universities!
•Boston!
•Cornell!
•Illinois!
•James Mason!
•Kentucky!
•Massachusetts!
•Michigan!
•Michigan State!
•Mississippi!
•Northern Illinois!
•Northwestern!
•Regis!
•Virginia!
•Washington!
•York College!

US National Labs!
•Argonne!
•Brookhaven!
•Fermilab

g-2

×

μ

50	  ins'tu'ons	  in	  8	  countries	  
	  
4	  US	  Na'onal	  Labs	  
	  
Over	  300	  users.	  ~50	  users	  
retained	  from	  the	  Tevatron	  
program	  

g-‐2	  

Mu2e	  



Muon cross-cut: Theory!
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Strong	  par'cipa'on	  from	  
Fermilab	  theorists	  
	  
The	  lab	  enables	  the	  na'onal	  
laGce	  program	  
	  
Engagement	  of	  the	  university	  
community	  
	  

LFV	  Yukawas	  

LaGce	  hardware	  

Updates	  to	  
g-‐2	  theory	  

B(H-‐>µe~10-‐10)	  



Muon cross-cut:  Facilities!
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~$100M	  in	  savings	  by	  crea'ng	  an	  
integrated	  program	  	  
	  
Beau'ful,	  world-‐class	  facili'es	  to	  
serve	  the	  community	  well	  into	  
next	  decade	  and	  beyond	  

Adam Lyon | Muon Program 2015-02-10

Holes in the ground == Progress

26

MC#1%%
(g#2)%

Mu2e%

Delivery%ring%

Facilities

Adam Lyon | Muon Program 2015-02-10

More fun pictures

13
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Muon cross-cut:  Computing!
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Clear	  recogni'on	  by	  the	  lab	  that	  
this	  is	  vital	  to	  our	  mission	  and	  a	  
major	  concern	  of	  our	  users.	  
	  
Full	  engagement	  of	  collabora'ons	  
and	  leveraging	  of	  available	  
resources.	  

Adam Lyon | Muon Program 2015-02-10

Data are processed with the Fermilab Facility and Tools
Fabric for Frontier Experiments (FIFE)!
!
A comprehensive set of services and tools for 
MC generation, reconstruction, and analysis 
processing on Fermilab and offsite OSG 
opportunistic resources [used by all neutrino/
muon experiments at FNAL]!
!
A new SCD Production Team was established to 
run production jobs for experiments [will be very 
beneficial for Mu2e and g-2 ]

33

Mu2e generated ~100 billion simulated events on Fermigrid over past year

ComputingFacilities

See Gutsche talk in Breakout 5C



Muon cross-cut:  R&D!
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Leading	  contribu'ons	  to:	  
EM	  calorimetry,	  photo-‐detectors,	  in-‐
vacuo	  technology,	  GPU-‐based	  DAQ,	  
high	  power	  targetry,	  beam	  monitoring,	  
He3	  magnetometry.	  
	  
Making	  use	  of	  facili'es	  at	  Fermilab,	  
Frasca',	  SLAC,	  PSI,	  and	  RAL	  

Adam Lyon | Muon Program 2015-02-10

New detectors: Calorimeters and Straws

• Calorimeters 24 9x6 PbF2 crystal arrays 
with SiPM readout!

• New electronics and DAQ!
• 3x 1024 channel straw trackers to 

precisely monitor properties of stored 
muon beam via tracking of Michel decay 
positrons!

• Auxiliary detectors 
 
Additional funding sources!
• NSF MRI, INFN: Calorimeters, DAQ 

and electronics!
• DOE Early Career, STFC:  

Straw Tracker!
• IF Fellowships!
• URA Visiting Scholar Fellowships!
• DOE Office of Science Graduate 

Student Research Awards

14
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Calorimeters; SLAC Test Beam

Straw Trackers; Fermilab (PPD) Test Beam

Adam Lyon | Muon Program 2015-02-10

Mu2e is pushing detector technology

Tracker: 20k straw tubes, 15 um thick 
walls, in vacuum (led by FNAL)!

!
Calorimeter (led by Caltech and 

Frascati): 1800 BaF2 crystals (1ns 
decay time), Novel APDs 

Cosmic-veto: 300 m2 scintillator bar, WLS 
fiber, SiPM read-out – 99.99% efficient 
(led by U.Virginia)!

!
Additional funding sources!

• INFN: Calorimeters, Solenoids!
• SBIR: UV Sensitive solar blind APDs!
• Joint appointment: C. Group (U.Va.)!
• IF Fellowships!
• URA Visiting Scholar Fellowships

21

5"cm"

2"cm"

• "5"mm"diameter"straw"
• "Walls:"12"µm"Mylar"+"3"µm"epoxy""+"200"Å"Au"+"500"Å"Al"
• "25"µm"Au=plated"W"sense"wire"

Extruded at NICADD facility (PPD)

APD

Scintillator Bar

Adam Lyon | Muon Program 2015-02-10

Mu2e leads active R&D, test beams, and prototyping programs

Significant progress across the project, including test beam 
efforts at Fermilab (PPD), PSI and Frascati

22

Cosmic ray veto Extraction foils

TS conductor

Tracker Prototype Target Emissivity

ALCAP !
Test Beam/PSI

Adam Lyon | Muon Program 2015-02-10

Mu2e leads active R&D, test beams, and prototyping programs

Significant progress across the project, including test beam 
efforts at Fermilab (PPD), PSI and Frascati
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Cosmic ray veto Extraction foils

TS conductor

Tracker Prototype Target Emissivity

ALCAP !
Test Beam/PSIAdam Lyon | Muon Program 2015-02-10
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Calorimeters; SLAC Test Beam

Straw Trackers; Fermilab (PPD) Test Beam
Adam Lyon | Muon Program 2015-02-10

Mu2e leads active R&D, test beams, and prototyping programs

Significant progress across the project, including test beam 
efforts at Fermilab (PPD), PSI and Frascati

22

Cosmic ray veto Extraction foils

TS conductor

Tracker Prototype Target Emissivity

ALCAP !
Test Beam/PSI



Charge questions!
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Question 1!

•  The quality and significance of the lab’s recent scientific and 
technical accomplishments!

 !
•  The merit, feasibility, and projected impact of the future 

planned physics program !

•  P5 alignment!

2/28/15!Casey, Glenzinski | Muon Wrap Up!9/28!



Question 1!

•  The quality and significance of the lab’s recent scientific and 
technical accomplishments!

 !
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Muon g – 2 Technical 
Design Report 

July, 2014 
Fermi National Accelerator Laboratory 

Batavia, IL 60510 
www.fnal.gov 

Managed by  
Fermi Research Alliance, FRA 

For the United States Department of Energy under 
Contract No. DE-AC02-07-CH-11359 

 
Contacts:  C. Polly – Project Manager (polly@fnal.gov) 
        K.W. Merritt – Deputy Project Manager (wyatt@fnal.gov) 
        D. Hertzog – Co-Spokesperson (hertzog@uw.edu) 

                  B. L. Roberts – Co-Spokesperson (roberts@bu.edu)  
 

 

 

Mu2e Technical Design 
Report 

 
October 2014 

 
Fermi National Accelerator Laboratory 

Batavia, IL 60510 
www.fnal.gov 

 
Managed by 

Fermi Research Alliance, FRA 
For the United States Department of Energy under 

Contract No. DE-AC02-07-CH-11359 
 
 
 
 

Fermilab 

CD2/3	  reviews	  
completed	  
	  
Muon	  campus	  50%	  
complete	  
	  
Mu2e	  ready	  for	  first	  
solenoid	  purchases	  
	  
g-‐2	  ring	  expected	  to	  be	  
cold	  and	  powered	  
before	  summer	  	  
	  

Lyon,	  Ray,	  Polly,	  Convery,	  Kiburg,	  Knoepfel	  



Question 1!
•  The merit, feasibility, and projected impact of the future 

planed physics program !
–  We will do the definitive muon g-2 experiment and the most 

sensitive charged lepton violation experiment!
–  Large overlap with physics at the LHC and LBNF!
–  Unique capabilities beyond LHC and LBNF!
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Adam Lyon | Muon Program 2015-02-10

The Muon g-2 is a unique probe for new physics

Chirality-flipping while CP and flavor conserving, unlike 
many other low energy observables!
Sensitive to SUSY sleptons and sign(µ), dark matter 
models!
A hint of new physics?!?!?  
Complementary to LHC’s direct searches!
See Polly talk [Project] in Breakout 1D; Kiburg talk [Highlights] in 
Breakout 6B

5

x10-11

Lees et. al. (BaBar Collaboration), PRL 113, 201801 (2014)

Ellis, arXiv:1501.05418 (2015)

g-2
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Dark Photons

*See Snowmass White Paper arXiv:1311.2198 [hep-ph]
g-‐2	  

SUSY χ2 
to	  LHC	  
Run	  I	  

Θ13	  x	  cosδ	


R(µe)	  

Lyon,	  Kiburg,	  Knoepfel	  



Question 1!
!
•  P5 alignment!
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Adam Lyon | Muon Program 2015-02-10

The Muon program is a high priority in P5

3

Lyon	  



Question 2!
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•  The effectiveness and efficiency of facility operations and the 
planning for future facilities to support the research program!

•  The appropriateness of proposed performance metrics in 
terms of being realistic and maximizing the scientific 
productivity of the facility.!



Question 2!
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•  The effectiveness and efficiency of facility operations and the 
planning for future facilities to support the research program!

Interface Milestones 

• Interface milestones are the basis for communicating 
schedule  impacts  between  the  AIP’s,  GPP’s,  g-2 and Mu2e 

• The integration of these into the g-2 and Mu2e schedules 
shows the impact of any change 

2/11/2015 Mary Convery | Muon Campus 15 

Milestone Name Responsibility Impacts Forecast Needed by Actual 
MC-1 Bldg Beneficial Occupancy for Cryo MC-1 Building GPP Cryo AIP 1/8/14 as soon as possible 1/8/2014 
MC-1 Bldg Beneficial Occupancy for g-2 Ring MC-1 Building GPP g-2 4/10/14 as soon as possible 4/10/2014 
End of Circulating Beam Studies g-2, Mu2e g-2, Mu2e, Delivery Ring AIP 4/25/14 6/30/14 4/25/2014 
MC-1 Cryo Room Controls Available MC-1 Building GPP Cryo AIP 9/22/14 as soon as possible 6/6/2014 
Cryo Compressor Cooling Established  MC Infrastructure GPP Cryo AIP 9/30/14 10/31/14 8/15/2014 
Cryo g-2 acceptance tests complete Cryo AIP lower-level milestone for g-2 10/24/14 as soon as possible 10/2/2014 
Cryo Ready to Cool g-2 Cryo AIP g-2 3/15/15 as soon as possible 11/30/2014 
D30 Straight Section Ready for New Installation g-2 Delivery Ring AIP 2/5/15 5/17/16 1/31/2015 
MI-52 Bldg Extension Beneficial Occupancy MC Infrastructure GPP Beam Transport AIP 6/30/15 9/30/15 
Beamline Enclosure Beneficial Occupancy Beamline Enclosure GPP g-2 2/1/16 2/15/16 
Beam Transport Complete Beam Transport AIP g-2, Mu2e 2/1/16 3/31/17 
Recycler RF Complete Recycler RF AIP g-2, Mu2e 9/30/16 3/31/17 
Delivery Ring Complete Delivery Ring AIP g-2, Mu2e 9/30/16 3/31/17 
Shield Wall Installation g-2 Mu2e 1/5/17 before g-2 running 
Cryo: Mu2e Distribution Box Cold Cryo AIP Mu2e 7/15/17 9/15/17 

Muon	  campus	  milestones	  

Convery.	  Ray,	  Polly	  



Question 2!
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!
•  The appropriateness of proposed performance metrics in 

terms of being realistic and maximizing the scientific 
productivity of the facility.!Key Performance Parameters!

2/12/15!Polly | Muon g-2 Project!18/11!

•  There will be another round of discussion on the KPPs for g-2 prior to the 
CD-2/3 approval that we anticipate in June/July!
–  Defining KPPs is a balance of achieving requirements required to meet mission 

need, while not being so constrained that transitioning from project to operational 
goals is impeded!

Main	  stakeholders	  are	  DOE,	  Collabora'on,	  and	  Lab.	  	  Everyone	  involved	  in	  making	  
the	  KPPs	  and	  everyone	  has	  the	  same	  goal	  of	  geGng	  to	  physics	  results	  ASAP	  

Ray,	  Polly	  



Question 3!

•  The effectiveness of the lab management in!
–  Strategic planning!
–  Core competencies!
–  Implementing prioritized and optimized plan!

•  Promoting and implementing a safe work environment!

2/28/15!Casey, Glenzinski | Muon Wrap Up!16/28!



Question 3!

•  The effectiveness of the lab 
management in!
–  Strategic planning!
–  Core competencies!
–  Implementing prioritized and 

optimized plan!
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Adam Lyon | Muon Program 2015-02-10

Proton timing is crucial

19

 Time (ns)
0 200 400 600 800 1000 1200 1400 1600 18000

0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08

POT pulse
 1M )× arrival/decay time ( -�

 400 )× arrival time ( -µ
 400 )× decay/capture time ( -µ

Signal window 

Time (ns)

Plan on beam commissioning in late 2020; 3 year run

Adam Lyon | Muon Program 2015-02-10

Strategic plans

Muon g-2 and Mu2e drive the  
immediate future!
! g-2 sees first muons in early 2017!
    Mu2e starts commissioning in 2020!
!
!
Leveraging these experiments:!
   Mu2e II  (PIP-II; Ti target)!
         running for g-2!
   !
!
New concepts:!
   Dedicated storage ring for proton EDM!
  

38

Community

PIP-II &!
Titanium

µ ! eee
µ ! e�

µ�

Facilities R&D

•  R is Z-dependent, 
and depends on the 
dominant operator in 
the Lagrangian

•  Measuring R for 
different-Z targets 
gives some 
discrimination in 
pinning down the 
model

Z%

R μ
e%
(n
or
m
%to

%A
l.)
%

Scalar%
Dipole%

Vector(Z)%

Vector(γ)%

Al% Ti% Pb%

Cirigliano,'et'al'PRD'80,'013002'(2009)'

Why use different targets?

2/12/1565 Kyle Knoepfel | Mu2e Highlights

Clear	  upgrade	  strategy	  worked	  out	  for	  
Mu2e	  including	  physics	  case,	  planned	  
accelerator	  upgrades	  and	  well	  defined	  	  
branch	  points	  

Knoepfel,	  James	  



Question 3!

•  Promoting and implementing a safe work environment!
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Absolute	  
Highest	  
Priority	  

Ray,	  Polly,	  Convery	  

Example from training provided to work managers!

2/12/15!Polly | Muon g-2 Project!23/11!

Management%Chain%for%%
All%Installa0on%Ac0vi0es%in%MCD1%%

PE: Del Allspach/Steve Chappa 
 
Approves the engineering 
calculations and procedures 
 
Approves the appropriate  
personnel (tech, students,  
Postdocs, scientists ) for the job 
 
Determines if technical  
supervision is needed 
 
 

Aria Soha  
 

Request to 
Perform 
An activity 

Aria Soha (Dee Hahn) 
Approves the Time Line. 
Generates a JHA and/or PPE 
if needed w/ engineers 
Checks that Personnel has 
appropriate Training 

OK to  
Proceed 

•  If)you)are)planning)on)visiZng)or)doing)work)in)MC81,)contact)Aria)to)make))
sure)you)have)appropriate)hazard)training)
•  Working)regularly?))Need)to)be)on)daily)hazard)e8mail)distribuZon))
•  )Check)whiteboard)posZng)in)MC81)where)daily)hazards)are)posted)



Question 4!

•  The effectiveness of the development and oversight of 
projects!

•  Integration of universities and other national labs in projects !
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Question 4!

•  The effectiveness of the development and oversight of 
projects!
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Lab Management structure and changes�
Fermilab Organization

Fermi Research Alliance, LLC

Laboratory Director
Nigel S. Lockyer

Deputy Director/Chief 
Research Officer

Joe Lykken

Chief Operating Officer
Timothy Meyer

FRA Internal Audit
Patrick Lam

Environment, Safety,
Health & Quality Section

Martha Michels

Office of the CAO
Sergei Nagaitsev

Chief Accelerator Officer

Accelerator Division
Sergei Nagaitsev

Accelerator Physics Center
Vladimir Shiltsev

Particle Physics Division
Patricia McBride

Office of the CRO
Joe Lykken

Chief Research Officer

Greg Bock
Deputy CRO

Fermilab Center
for Particle Astrophysics
Craig Hogan

CMS Center
Kevin Burkett

Neutrino Division
Gina Rameika

Office of the CPO
Mike Lindgren

Chief Project Officer

Office of Project
Support Services
Marc Kaducak

Office of the CTO
Hasan Padamsee

Chief Technology Officer

Rich Stanek
Deputy CTO

Technical Division
Hasan Padamsee

Office of the CFO
Cynthia Conger

Chief Financial Officer

Finance Section
Cynthia Conger

Legal Office
Gary Leonard

Office of Integrated Planning
& Performance Management
Erik Gottschalk

Workforce Development
& Resources Section
Kay Van Vreede

Office of the COO
Timothy Meyer

Chief Operating Officer

Office of Communication
Katie Yurkewicz

Office of Partnerships 
& Technology Transfer
Cherri Schmidt

Illinois Accelerator
Research Center

 

Office of Campus Strategy
& Readiness
Randy Ortgiesen

Facilities Engineering
Services Section
Kent Collins

Core Computing Division
Jon Bakken

Scientific Computing Division
Panagiotis Spentzouris

Office of the CIO
Rob Roser

Chief Information Officer

Jin Chang
Deputy CIO

10/Feb/2014�Mike Lindgren | Institutional Review�5�

���������������

Working	  hard	  to	  improve	  tools	  for	  
project	  development	  and	  op'mizing	  
resource	  alloca'on	  across	  the	  lab	  
	  
Both	  muon	  projects	  should	  	  be	  baselined	  
by	  summer	  	  
	  
Muon	  campus,	  projects	  on	  schedule	  and	  
on	  budget	  

Ray,	  Polly,	  Convery,	  Lindgren,	  James	  



Question 4!

•  Integration of universities and other national labs in projects !
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Muon	  g-‐2:	  
58%	  of	  project	  management	  
posi'ons	  held	  by	  non-‐Fermilab	  
collaborators.	  
	  
Almost	  all	  detector	  construc'on	  
occurring	  at	  universi'es	  	  
	  
Major	  beamline	  components	  being	  
constructed	  at	  other	  labs	  

	  Cornell:	  	  Kicker	  
	  BNL:	  	  electrosta'c	  quads	  
	  ANL:	  	  trolley,	  MRI	  test	  facility	  

Mu2e:	  
Most	  project	  management	  posi'ons	  
associated	  with	  the	  detectors	  held	  by	  
non-‐Fermilab	  collaborators	  	  
	  
Almost	  all	  detector	  construc'on	  
occurring	  at	  universi'es	  	  
	  
Major	  design	  and	  soiware	  
development	  efforts	  at	  other	  labs	  

	  LBNL:	  	  Track	  reconstruc'on	  
	  BNL:	  	  CSC	  CRV	  test	  stand	  
	  ANL:	  Tracker	  assembly	  fixtures,	  
	   	  	  	  B	  field	  mapping	  units	  

Ray,	  Polly,	  Convery	  



Question 5!

•  The leadership, creativity, and productivity of the lab’s 
scientific and technical staff!
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Question 5!

•  Technical!
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Adam Lyon | Muon Program 2015-02-10

Both Mu2e and g-2 benefit from TD’s expertise

How do muons enter a continuous 
magnet?!
!
Inflector cancels fringe field near 
injection region so muons are not 
deflected!
!
Superconducting shield upgrade 
under study by TD!
• Construction of the multilayer NbTi 

shield is very unique!
• Production technology may no longer 

exist!
• TD is studying the shield for feasibility 

29

100 µm thick, 46’ long, 10” wide NbTi foil  
purchased this year from Luvata !

Facilities R&DWBS 476.2 Accelerator Status !

2/12/15!Polly | Muon g-2 Project!8/11!

•  Final design is nearly complete!
•  Pulse-testing of AP0 Li lens and bending 

magnet demonstrated at g-2 rep rate…
was considered highest risk for accelerator 
plan at one point!

•  D30 straight section ready for installation!
•  Focus with $2.8M special auth!

–  Power supply procurements!
–  Instrumentation procurements!
–  Construction of magnets in TD!

D30$Straight$Before$

D30$Straight$Now$

Adam Lyon | Muon Program 2015-02-10

Mu2e leads active R&D, test beams, and prototyping programs

Significant progress across the project, including test beam 
efforts at Fermilab (PPD), PSI and Frascati

22

Cosmic ray veto Extraction foils

TS conductor

Tracker Prototype Target Emissivity

ALCAP !
Test Beam/PSI

Adam Lyon | Muon Program 2015-02-10

Both Mu2e and g-2 benefit from TD’s expertise

Mu2e production [PS] and detector [DS] solenoids 
built by industry from reference designs!
!
Transport solenoid (S-curved) [TS] is collaboration 
between Fermilab TD, INFN Genova, Industry!
!
Prototype TS coil module delivered January 2015 
(need 27 modules total)!
!

28

PS TS DS 
Length (m) 4 13 11 

Diameter (m) 1.7 0.8 1.9 

Field @ start (T) 4.6 2.5 2.0 

Field @ end (T) 2.5 2.0 1.0 

Number of coils 3 52 11 

Conductor (km) 10 44 15 

Operating current (kA) 10 3 6 

Stored energy (MJ) 80 20 30 

Cold mass (tons) 11 26 8 

Facilities R&D

Cable	  development	  for	  Mu2e	  and	  
shield	  development	  for	  g-‐2	  

Highly	  constrained	  beamline	  design	  

Demonstra'ng	  that	  detectors	  
can	  be	  built	  using	  the	  lowest	  
mass	  straws	  in	  vacuum	  

Lyon,	  Convery,	  Ray,	  Polly	  



Question 5!

•  Scientific!
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Systematic uncertainties

2/12/1542 Kyle Knoepfel | Mu2e Highlights

Event noise
•  We do not simulate individual signal and background particles.
•  For each proton pulse, the detector elements are bombarded with 

~105 particles from the
–  Production target, and
–  Stopping target (2-3 neutrons per captured muon)

•  Event noise mixed in with signals and backgrounds.
•  Mix-in rates determined by experimental measurements.

–  Uncertainties taken into account.
2/12/1541 Kyle Knoepfel | Mu2e Highlights

Recent Highlights: Simulating Tracker Performance!
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artUbased&
simulaOon&
FNAL,NW,&
UCL&

Tracker&needed&to&understand&muon&beam&profile&so&we&can&
compute&&<B>&

T.&Walton,&FNAL&

L.&WeltyURieger,&NW&
Modify Shimming Variables to make field more uniform!
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•  Mechanical 
adjustment 
options feed 
matrix based 
analysis solution!

~1&ppm&

•  Storage region !

•  1 ppm contours!
!
•  Moments below 

0.3 ppm other 
than Dec ~2ppm!

1 ppm contours 

35/40!
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Modify Shimming Variables to make field more uniform!
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•  Mechanical 
adjustment 
options feed 
matrix based 
analysis solution!

~1&ppm&

•  Storage region !

•  1 ppm contours!
!
•  Moments below 

0.3 ppm other 
than Dec ~2ppm!

1 ppm contours 

35/40!

ppm$
4$

2$

0$

82$

84$

Mu2e	  full	  background	  simula'on	  
and	  systema'c	  evalua'on	  

Tracking	  code	  for	  g-‐2	  

Prepara'ons	  for	  
measuring	  the	  
proton	  
precession	  
frequency	  

Leading	  authors	  of	  over	  a	  dozen	  Tevatron	  
legacy	  publica'ons	  in	  the	  last	  3	  years	  

Lyon,	  Kiburg,	  Knoepfel	  



Question 6!

•  The quality and appropriateness of 
the lab’s interactions with, and 
nurturing of its scientific community!

.!
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Question 6!
•  The quality and appropriateness of the lab’s 

interactions with, and nurturing of its 
scientific community!

!
–  Snowmass leadership and participation!

–  Enabling analysis, grid, ART, workshops, 
schools!

–  IF/URA Fellowships!

–  Improving the way we communicate changes 
in proton planning!

–  Office space:  Frank discussions!

–  Trying to move forward together with our 
university partners in a mutually beneficial 
way in a time of constrained budgets and 
changing norms.!
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Lyon,	  Kiburg,	  Roser,	  Geer	  +	  closed	  and	  extra	  sessions	  	  

The Muon (g � 2) Theory Value: Present and Future

Thomas Blum1, Achim Denig2, Ivan Logashenko3, Eduardo de Rafael4,
B. Lee Roberts5, Thomas Teubner6, Graziano Venanzoni7

1Department of Physics, University of Connecticut,
and the RIKEN BNL Research Center, USA

2Johannes Gutenberg Universität, Institut für Kernphysik
and PRISMA, Mainz, Germany

3Budker Institute of Nuclear Physics, Novosibirsk, Russia
4Centre de Physique Théorique, CNRS-Luminy, Case 907,

F-13288 Marseille Cedex 9, France
5Department of Physics, Boston University, Boston, MA, USA

6Department of Mathematical Sciences, University of Liverpool, Liverpool, UK
7Laboratori Nazionali di Frascati dell’INFN, Frascati, Italy

November 12, 2013

Abstract

This White Paper briefly reviews the present status of the muon (g� 2) Standard-
Model prediction. This value results in a 3 – 4 standard-deviation di↵erence with
the experimental result from Brookhaven E821. The present experimental uncertainty
is ±63 ⇥ 10�11 (0.54 ppm), and the Standard-Model uncertainty is ' ±49 ⇥ 10�11.
Fermilab experiment E989 has the goal to reduce the experimental error to ±16⇥10�11.
Improvements in the Standard-Model value, which should be achieved between now and
when the first results from Fermilab E989 could be available, should lead to a Standard-
Model uncertainty of ⇠ ±35⇥10�11. These improvements would halve the uncertainty
on the di↵erence between experiment and theory, and should clarify whether the current
di↵erence points toward New Physics, or to a statistical fluctuation. At present, the
(g�2) result is arguably the most compelling indicator of physics beyond the Standard
Model and, at the very least, it represents a major constraint for speculative new
theories such as supersymmetry, dark gauge bosons or extra dimensions.
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1 1 1 8 0 8 .
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Dipole Moments, e d s . B . L . R o b e r t s a n d W . J . M a r c i a n o , W o r l d S c i e n t i fi c ( 2 0 1 0 ) , p . 3 9 3 .

[ 5 ] D . H a n n e k e , S . F o g w e l l a n d G . G a b r i e l s e , P h y s . R e v . L e t t . 1 0 0 ( 2 0 0 8 ) 1 2 0 8 0 1 .

[ 6 ] G . W . B e n n e t t e t a l . ( T h e g � 2 C o l l a b . ) , P h y s . R e v . D 7 3 ( 2 0 0 6 ) 0 7 2 0 0 3 .

[ 7 ] M . D a v i e r , i n A d v a n c e d S e r i e s o n D i r e c t i o n s i n H i g h E n e r g y P h y s i c s - V o l . 2 0 Lep-
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c h a p t e r 8 .
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More	  comfortable	  room	  
for	  short	  term	  visitors	  

More	  open	  and	  op'mized	  space	  
for	  long	  term	  visitors	  

More	  administrator	  
help	  

S'll	  leaves	  us	  a	  factor	  of	  2	  below	  our	  current	  needs	  but	  we	  are	  working	  on	  that	  too.	  



Conclusions!
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Summary

The Muon program…               +    D         +!
!

    ! brings together all parts of the lab!
!

! ! and collaborators from institutions world-wide!
!

! ! to make a program more than the sum of its parts!
!

! ! to do precision physics that may lead !
!

! ! to vital discoveries beyond the Standard Model!
! ! !

See breakout talks for many more details!
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