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Muon Program: Muon g-2 and Mu2e
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• The Muon Program consists of 
two experiments and the 
associated beam line 
development.

• Mu2e and Muon g-2 
experiments share common 
beam-line elements, partly 
using repurposed Tevatron
facilities.

• Both buildings are complete.
• Muon g-2 is taking data now.
• Mu2e is under construction.
• Both need pulsed beams.
• g-2 needs 3.1 GeV/c muons 

injected into the g-2 storage 
ring.

• Mu2e needs a large flux of 
very low energy negative 
muons that can stop in a thin 
target.

FermilabWilson 
Hall

J. Miller, BU, HEPAP Meeting

Completed Muon Campus at Fermilab



P5 Recommendations: Mu2e and g-2
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Muon g-2/Mu2e CD Schedules

J. Miller, BU, HEPAP Meeting 4

Milestone g-2 date Mu2e date

CD-0 Sep. 2012 Nov. 2009

CD-1 Dec.  2013 Jul. 2012

CD-2 Aug. 2014 Mar. 2015

CD-3 Aug. 2015 Jul. 2016

CD-4 Jan. 2018 ~Dec. 2022



Mu2e/g-2 beam lines
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• Mu2e or g-2 run concurrently with the neutrino program
• However Mu2e and g-2 cannot run simultaneously
• g-2 beamline complete and delivering muons since 2017
• Mu2e beamline is complete up to final focus region



Muon g-2 Experiment
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Goal:
• Measure the muon anomalous magnetic moment to 0.14 ppm 

• 4x smaller uncertainty than the previous experiment at BNL
• Need 22x BNL Experiment data to achieve its goal
• Need 3x reduction in BNL Experiment precession frequency  systematic error
• Need 2x reduction in BNL Experiment magnetic field systematic error

Approach:
• Observe the rate of muon spin precession in a known B field



Fermilab Muon g-2 Collaboration …
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• Domestic Universities
– Boston

– Cornell

– Illinois 

– James Madison

– Kentucky 

– Massachusetts

– Michigan

– Michigan State

– Mississippi

– North Central

– Northern Illinois 

– Regis

– Virginia

– Washington

• National Labs
– Argonne

– Brookhaven

– Fermilab

• China
– Shanghai

• Germany
– Dresden

• Italy
– Frascati

– Molise

– Naples 

– Pisa

– Roma Tor Vergata

– Trieste

– Udine

• Korea
– CAPP/IBS

– KAIST

• Russia
– Budker/Novosibirsk

– JINR Dubna

• United Kingdom
– Lancaster/Cockcroft

– Liverpool

– University College London

– Manchester

J. Miller, BU, HEPAP Meeting

34 institutes, 7 countries



Contribution of virtual particles to the muon anomaly

• Both Standard Model, and perhaps BSM particles can contribute
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BNL E821 result:

LO hadronic value steady 

since 2003. As additional 

data on            

have become available, 

the uncertainly has 

decreased!

BNL

FNAL

3.7 
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KNT. PRD 

97, 114025 (2018)

QED         Strong    (Hadrons)           Electroweak            

0.08 431 26
Uncertainties
(amx10-11)

g

0.54 ppm

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.114025
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.114025


342 THE SUPERCONDUCTING INFLECTOR MAGNET

(a) Encased Coil End (b) Coil Removed

Figure 10.24: (a) View of the magnet end. The coil block was epoxy impregnated inside the

aluminum case. (b)Coil block removed from the aluminum case.

(a) Separat ing the Coils (b) The mandrels

Figure 10.25: (a)Separat ing the inner and outer coils (b)Inner (left ) and outer (right) coils

aluminum mandrels after removing the superconductor from slots.

technology. For example to correct 100 ppm field distort ion, requires a printed circuit board

with 10 A total current. These correctors could be mounted on the pole t ips or on the

vacuum vessel walls.

Fermilab Muon g-2 Experiment:
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μ+

• Inflector injects muons into ring 
while minimizing disturbance to 
B-field

• 3 magnetic kickers “kick” the 
muons onto the storage orbit

• 4 pairs of electric quads provide 
vertical focusing

Storage Ring

J. Miller, BU, HEPAP Meeting

P=3.096 GeV/c
Ring Radius R=7 m
B=1.46 T
9 cm diameter Storage Aperture
Average muon mom=3.094 GeV/c



Fermilab Muon g-2 Experiment:
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e+

• 180° and 270° fiber profile beam monitors 
(special runs; degrades beam)

• 2 straw tracker stations measure decay 
positron trajectory, which provides beam 
profile reconstruction

• 24 calorimeters detect decay positron 
arrival time and energy

s)m
Time after first turn (

22
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38
40

Intensity (arbitrary units, with offset)0 10 20 30 40 50 60 70 80

Center

Inner Outer

13 mm separation 

13 mm separation 

3 central fiber traces from 180 degree x-profile monitor

Storage Ring

June 2017 commissioning data 

calorimeters

J. Miller, BU, HEPAP Meeting



Muon g-2 Storage Ring
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• Move ring from BNL to Fermilab

• Superconducting coils 
shipped intact by barge and 
truck from BNL to Fermilab
(2013)

• Ring inserted into building 
July 2014

• First stored muon beam 2017

Calorimeter
station



Muon anomaly is obtained from 2 measurements.

12
[1] P. J. Mohr, D. B. Newell and B. N. Taylor, Rev. Mod. Phys. 88, no. 3, 035009 (2016) doi:10.1103/RevModPhys.88.035009 [arXiv:1507.07956 [physics.atom-ph]].

Get from CODATA[1]:
ge = -2.002 319 304 361 82(52) (0.00026 ppb)
mμ/me = 206.768 2826(46) (22 ppb)
μe/μp = -658.210 6866(20) (3.0 ppb)

Fermilab Experiment aμ total error goal is 140 ppb

Anomalous spin precession frequency is extracted from decay 
positron time spectra

J. Miller, BU, HEPAP Meeting



Muon anomaly is obtained from 2 measurements.

~

Average magnetic field 
seen by muons is 
measured with NMR

13

Obtain muon
distribution from 
straw trackers 

Obtain B-field 
from NMR 
probes 

(Combine Together)

[1] P. J. Mohr, D. B. Newell and B. N. Taylor, Rev. Mod. Phys. 88, no. 3, 035009 (2016) doi:10.1103/RevModPhys.88.035009 [arXiv:1507.07956 [physics.atom-ph]].

Get from CODATA[1]:
ge = -2.002 319 304 361 82(52) (0.00026 ppb)
mμ/me = 206.768 2826(46) (22 ppb)
μe/μp = -658.210 6866(20) (3.0 ppb)

Fermilab Experiment aμ total error goal is 140 ppb

Run-1

[ppm]

J. Miller, BU, HEPAP Meeting
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Improvements to Fermilab vs BNL Experiment

• Highly segmented calorimeters- 6x9 array of PbF2 crystals

– Reduces pulse pileup

• Laser system for improved calorimeter gain monitoring

• Improved straw tube trackers to monitor stored muon 
distribution

• B-field shimmed to 3x better uniformity

• 4 turns in Delivery Ring to eliminate hadronic ‘flash’ due to 
pion and proton components in the muon beam during 
injection
• Eliminates big ‘hit’ to detectors during injection, improves stability of 

calorimeters

J. Miller, BU, HEPAP Meeting 14



Status of the Fermilab Muon g-2 Experiment:
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• Finished Run-1 & Run-2; ~3x BNL; looking at 
data!

• Run-3 just began last week, goal 5-7x BNL
• Goal of publishing Run-1 results in a few 

months (~1x BNL) data are still blinded)! 

Expect ~1.8×BNL Run-2 dataset vs. ~1.4×BNL 
Run-1 dataset after Data Quality Cuts.

Without data-quality 
cuts (DQC)

J. Miller, BU, HEPAP Meeting

Difficulties encountered in Runs 1 & 2
• Problems with vacuum delayed start of 

Run 1
• Unable to operate storage ring injection 

kickers at design voltage. Caused 
downtime and unstable running.

• HV problems with electric quadrupoles
• Late start for Run-2 due to recovery from 

safety incident and repairs for HV issues
• Diminished run time in Run 2 due to 

insufficient lab operating budget.



Stay tuned …
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• Mu2e expects to begin commissioning beamline in FY2022.
• Muon g-2 Experiment has finished Run-1 and Run-2 data collection, ~3xBNL statistics
• Muon g-2 has the goal of publishing Run-1 physics result (>~1x BNL) by early 2020. 

1st publication 
( >1 x BNL 
statistics)

2nd publication 
( 3 x BNL 
statistics)

3rd publication   
( 10 x BNL 
statistics)

Final 
publication 

CY18 CY19 CY20 CY21 CY22

Assume 4%/BNL day.
Gets very close to 21.5 BNL goal.

Run-3 started just started and ends 
May-15.  Expect  5-7x BNL

The proposed Run-4 would share 
beam time with Mu2e commissioning.
Muon g-2: 6 months
Mu2e:        3 months

J. Miller, BU, HEPAP Meeting



Mu2e Experiment
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Goal: 
• Search for muon-to-electron conversion in the field of a nucleus
• Observation would be an example of CLFV and would signal

new physics

• Expected sensitivity Rme =8x10-17@ 90% CL, x10,000 better than
SINDRUM-II

• Discovery at 5s: 2x10-16

Approach:
• Form muonic atoms by stopping m- in an aluminum target
• Search for 105 MeV electron from

27 27

13 13Al e Alm    



Argonne National Laboratory ● Boston University 
Brookhaven National Laboratory 

University of California, Berkeley ● University of 
California, Davis ● University of California, Irvine 

California Institute of Technology ● City University of 
New York ● Joint Institute for Nuclear Research, Dubna

● Duke University ● Fermi National Accelerator 
Laboratory ● Laboratori Nazionali di Frascati ● INFN 
Genova ● Helmholtz-Zentrum Dresden-Rossendorf
University of Houston ● Institute for High Energy 

Physics, Protvino ● Kansas State University ● Lawrence 
Berkeley National Laboratory ● INFN Lecce and 

Università del Salento ● Lewis University ● University of 
Liverpool ● University College London ● University of 

Louisville ● University of Manchester ● Laboratori
Nazionali di Frascati and Università Marconi Roma
University of Michigan ● University of Minnesota 

Institute for Nuclear Research, Moscow ● Muons Inc. 
Northern Illinois University ● Northwestern University 

Novosibirsk State University/Budker Institute of Nuclear 
Physics ● INFN Pisa ● Purdue University ● University of 
South Alabama ● Sun Yat Sen University ● INFN Trieste 
University of Virginia ● University of Washington ● Yale 

University

Over 200 scientists from 40 institutions

The Mu2e Collaboration

The Mu2e Collaboration



Mu2e Collaboration

Tracker – ANL, UC Berkeley, CUNY, Duke , FNAL , Houston, LBNL, Michigan, Minnesota

Calorimeter – Caltech, HZDR (Dresden), INFN (Frascati, Lecce, Pisa, Rome, Trieste), JINR 
Dubna

Cosmic Veto – ANL, JINR Dubna, KSU, NIU, U. South Alabama, Virginia

TDAQ – Caltech, FNAL, KSU, LBNL, Pisa, Yale

Muon & Proton Monitors – Boston, FNAL, Liverpool, Manchester, NIU, Purdue, University 
College London, Washington

Solenoids and Field Mapping – ANL, Boston, FNAL, INFN Genova, Northwestern

Proton Beam Line – CUNY, UC Davis, FNAL

Simulations & Software – Boston, UC Berkeley, Caltech, CUNY, FNAL, Frascati, LBNL, 
Louisville, Northwestern, NIU, Sun Yat-Sen, Novosibirsk, Pisa, Virginia, Yale

http://mu2e.fnal.gov 19

Institutions shown in blue are Research supported by DOE and NSF
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New Physics Contributions to mNeN

mNeN sensitive to wide array of New Physics models
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Supersymmetry Heavy Neutrinos Two Higgs Doublets

LeptoquarksCompositeness New Heavy Bosons /
Anomalous Couplings



Mu2e Sensitivity

• Mu2e sensitive across the board

J. Miller, BU, HEPAP Meeting 21
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4.5 T
2.5 T

2 T
1 T

Target, Detector and Solenoid (DS)

• Capture muons on Al target

• Measure momentum in tracker and 

energy in calorimeter

• Graded field “reflects” downstream 

conversion electrons emitted upstream, 

improving efficiency

Transport Solenoid (TS)

• Collimator selects low 

momentum, negative muons

• Antiproton absorber

• The S shape eliminates 

photons and neutrons

Mu2e overview

Stopping
target

tracker

calorimeter

Production Target / Solenoid (PS)

• 8 GeV, 8 kW Proton beam strikes target, producing mostly pions

• Graded magnetic field contains pions/muons and collimate them 

into transport solenoid

protonsProduction
target

J. Miller, BU, HEPAP Meeting 22



Mu2e Experimental Advances
• Keys to x10,000 better sensitivity

– By placing the production target inside a high-field solenoid, one obtains a highly 
efficient low-energy muon beam (0.0015 stopped muons/proton)

• This will be the world’s hottest stopped-muon source by ~ x100

• 1010 stopped muons/second

– A pulsed proton beam allows suppression of prompt backgrounds by 
employing a delayed live gate

• Narrow proton pulses (~250 ns wide) every 1695 ns

• Delay live gate for ~700 ns relative to arrival of protons

– Beam-related ‘flash’ dissipates early, muonic atoms live long (864 ns)

• Achieves significant suppression of backgrounds from beam electrons and 
prompt pion interactions in the stopping target

• Time structure is good match to muonic aluminum lifetime (864 ns)

J. Miller, BU, HEPAP Meeting 23



Trackers and calorimeters are used to reconstruct 
electron kinematics.

24[1] R. H. Bernstein [Mu2e Collaboration], Front. in Phys. 7, 1 (2019). doi:10.3389/fphy.2019.00001 [arXiv:1901.11099 [physics.ins-det]].

Track at 
conversio
n energy.

Track at 
Michel 
peak. 

• 5mm diameter straw drift tubes: mylar-epoxy-
Au-Al walls and Au-plated W wire.

• Operates in a vacuum, Ar/CO2 gas at ~1.45 kV.
• Ultra low mass- minimize multiple scattering.
• Highly segmented to handle high rates.
• Resolution less than 180 keV/c at 105 MeV. 
• 18 stations each having 12 × 120° panels = 216 

panels  ~21,000 straws.

• 2 annular disks separated by 
half a track wavelength gives 
~90% acceptance.

• Each disk contains ~674 
scintillating CsI crystals with 
SiPMs readout

• Resolution ~5% at 105 MeV 
and ~1 ns. 

J. Miller, BU, HEPAP Meeting

Both nearly blind to all DIO electron  background due to hole down the middle
DIO electrons: 

27 27

13 13 eAl Al e mm       
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Tracker Panel Construction at University of Minnesota

TDAQ Test Stand for all detectors

Half Tracker Plane comprised of 3 panels

• Panels are being  produced at 
University of Minnesota

• LBNL/UC Berkeley testing electronics
• Panel Component fabrication and QC at 

Duke and York
• Supports designed at Argonne
• Wires X-rayed at Duke
• Michigan- integration with DAQ
• Houston- panel QC/QA
• Tracker assembled at Fermilab

Instrumented Tracker Panel

Tracker Progress



Calorimeter Progress

J. Miller, BU, HEPAP Meeting26

Calorimeter crystals and SiPM (INFN Contribution)Prototype Calorimeter crystals

SiPM Array• 75% of the CsI crystals received
and tested
• All SiPM’s received & tested
• Completion of DAQ and
electronics progressing well
• Large INFN contribution
• Testing- Dubna,HZDR
• QA/QC of crystals, calibration 

system- Caltech



• Covers all of DS, half of TS, better than 10-4 inefficiency with 3-fold coincidence

• 4-layers of extruded scintillator bars, wavelength shifting fibers w/SiPM read out

• Scintillator and SiPMs all in hand

• Electronics and DAQ in advanced state

• Virginia, Kansas, Argonne, Dubna

Mu2e Cosmic Ray Veto

27 J. Miller, BU, HEPAP Meeting

Cosmic Ray Veto Module Construction,University of Virginia



Mu2e Building is Complete

J. Miller, BU, HEPAP Meeting 28

Detector Solenoid Hall

Artist concept

Detector Solenoid Hall

April 2017



Transport Solenoid Progress

J. Miller, BU, HEPAP Meeting 29

• S-shaped magnet constructed from series of wedge-shaped modules

• Superconducting Coil Modules fabricated in Italian industry

• Delivered modules cooled to Liquid Helium and powered at 
Fermilab, assembled

• Of 14 total units, 3 units on warm bore, 3 units in house, 2 units 
ready to ship

TS Assembly Space at HAB(Fermilab)

TS coils on warm bore



TSu-Transport Solenoid
Upstream portion

J. Miller, BU, HEPAP Meeting30

Module 7
Module 5,6

Module 2
Module 8

Module 3,4

Module 3,4

Module 1,2

Module 8

More than half of TSu delivered

Module 9

Module 13

Module 12



Mu2e Status - PS/DS

J. Miller, BU, HEPAP Meeting31

DS1 coil winding 
complete. 
2 layers, 73 
turns/layer

DS Cryostat

• Contractor (GA) is manufacturing and assembling Production 
and Detector Solenoids

• Now successfully winding superconducting coils since early 
2019, after initial difficulties which produced delays and cost 
overruns.

• Working to recover schedule

• 1st of three PS coils on track for completion at end of year

• Completion of solenoids is on the critical path



J. Miller, BU, HEPAP Meeting32

Mu2e Beamline Installation Making Significant Progress

• Most beamline elements are installed up to 

final focus

• Resonant extraction sextupoles fabricated

• First beam into beamline 2020



J. Miller, BU, HEPAP Meeting 33

Mu2e Outlook and Schedule
• On track to satisfy P5 recommendation

• Project is 76% complete
• Schedule is driven by delivery , installation, commissioning of  the 

Solenoids
• Projected completion of Project end of 2022

• Begin commissioning the full beamline – Mid 2021
• Begin commissioning detectors – Early 2022
• First physics data taking – Early 2023
• Planned LBNF/PIP-II shutdown interrupts Mu2e running (FY2026-2027 ?)

• Aim to collect world’s best electron conversion limit by shutdown
• To reach full sensitivity requires running after shutdown

• Mu2e-II: upgrade Mu2e to use PIP-II beam, another x10 sensitivity 
• Depending on Mu2e result, confirm signal, change stopping target, or 

increase search sensitivity
• Use as much of the Mu2e apparatus as possible
• Expression of interest favorably reviewed by Fermilab PAC

• Several workshops; continued studies under way
• Requires R&D investments



Muon Program Summary

J. Miller, BU, HEPAP Meeting 34

Muon g-2
• Project on time and on budget

• DOE 2018 Project Management Achievement Award winner!
• Satisfies P5 recommendation

• Successful implementation of beam line
• On track to collect necessary statistics for sensitivity goal by 2021 
• First result ~ 1x BNL expected early 2020

Mu2e
• Construction of all components under way, building complete
• Majority of beam line installed
• On track to meet P5 recommendation
• First data 2023



Backup

35J. Miller, BU, HEPAP Meeting



• Goal:  Produce a “Whitepaper” on the g-2 theory value by early 2020.
– Lowest-order hadronic and next order: dispersive and lattice
– Hadronic Light-by-Light:   dispersive and lattice
– Forthcoming data sets: 

• Novosibirsk (energy scan) 
– CMD3 has a major data set on the                                             channel that dominates the LOH 

determination
– SND also has an additional data set.  

• BESIII at IHEP Beijing is actively accumulating  data using initial state radiation to cover 
the relevant mass region.

• BESII  for the dispersive determination of the Hadronic Light-by-
Light contribution.  

J. Miller, BU, HEPAP Meeting 36

International Muon g-2 Theory Initiative –
approximately 100 active participants

Participants in the Theory Initiative 
meeting at  KEK in February 2018.  
Other meetings: Fermilab June 2017
INT Seattle: September 2019



Mu2e Experiment construction underway!

37

from 36 inst itut ions in six countries, including Italy, Germany, and the UK. Using 100 kW of

protons from PIP-I I, the Mu2e-II projected sensit ivity is a factor ten or more bet ter than the

Mu2e sensit ivity. Data taking could begin in the late 2020s.

The COMET collaborat ion is also heavily involved in R&D towards the PRISM project , which

combinesCOMET Phase-IIwith an FFAG muon storage ring to potent ially provide muon beam

intensit ies of > 1012 stop-µ/ s with a narrow momentum bite allowing the use of very thin

stopping targets, and significant ly reduced pion contaminat ion owing to the increased transport

path length. In conjunct ion with an upgrade to the J-PARC proton source to achieve 1.3 MW

and to the detector systems to accomodate the higher rates, PRISM o↵ers the potent ial to

achieve sensit ivies to µ− N ! e− N of the order of 10− 19. The monochromat ic, pion-suppressed,

high-intensity muon beam provided by PRISM will allow the use of stopping targets comprised

of heavy elements, such as gold or lead, that can be important in understanding the underlying

new physics operators in the event of a discovery [33].

Summary
TheMEG, Mu3e, Mu2e, and COMET experiments use intense muon beams to provide the broadest ,

deepest , most sensit ive probes of charged-lepton flavour violat ing interact ions and to explore

the BSM parameter space with sensit ivity to new physics mass scales of 103 − 104 TeV/ c2,

well beyond what can be direct ly probed at colliders. Over the next five years, current ly

planned experiments in Europe, the US, and Asia will begin taking data and will extend the

sensit ivity toµ ! echarged-lepton flavour violat ing transit ionsby ordersof magnitude. Further

improvements are possible and new or upgraded experiments are being considered that would

ut ilize upgraded accelerator facilit ies at PSI, Fermilab, and J-PARC. The schedule of planned

and proposed experiments is summarized in the figure below. Strong European part icipat ion

in the design, construct ion, data taking, and analysis will be important for the success of these

future endeavors and represents a prudent investment complementary to searches at colliders.

We urge the commit tee to strongly support the cont inued part icipat ion of European inst itu-

t ions in experiments searching for charged-lepton flavour violat ing µ ! e t ransit ions using

high-intensity beams at facilit ies in Europe, the US, and Asia, including possible upgraded

experiments at next-generat ion facilit ies available the lat ter half of the next decade at PSI,

Fermilab, and J-PARC.

Figure 1: Planned data taking schedules for current exper iments that search for charged-lepton flavor

violating µ ! e transitions. Also shown are possible schedules for future proposed upgrades to these

experiments. The current best limits for each process are shown on the left in parentheses, while

expected future sensitivities are indicated by order of magnitude along the bottom of each row.

10

[1] 

Calorimeter Prototype

24

Calorimeter Prototype

24

Tracker Construction Calorimeter Prototype

The Transport Solenoid
Transport Solenoid

[1] A. Baldini et al., arXiv:1812.06540 [hep-ex] (2018).

S. C. Middleton 

J. Miller, BU, HEPAP Meeting



Fermilab g-2 beamline decays away most of the pions.

38

8.89 GeV p beam 
impacts the target

3.1 GeV 
secondaries (π, μ, 
p) travel along M2 
& M3, where μ+

are collected from 
π+ decays  

μ+ are extracted from 
the ring and 
transferred into the 
storage ring via M5

After a few turns 
remaining π+ convert to μ+

μ+ enter the g-2 
storage ring

Protons separate and 
are removed

D. Stratakis
J. Miller, BU, HEPAP Meeting



P5 Recommendations: Mu2e and g-2
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P5 Recommendations: Mu2e and g-2
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page 18

J. Miller, BU, HEPAP Meeting



P5 Recommendations: Mu2e and g-2
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page 44

page 44

J. Miller, BU, HEPAP Meeting



P5 Recommendation: Muon g-2
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page 44
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P5 Recommendation: Mu2e
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page 44

page 45

J. Miller, BU, HEPAP Meeting



Muon g-2 Experiment final error goals:

44

Category BNL 
[ppb]

FNAL Goal [ppb]

Gain Changes 120 20

Pileup 80 40

Lost Muons 90 20

CBO 70 < 30

E-field & Pitch Corrections 50 30

Total (Quadrature Sum) 190 70

ωa systematic uncertainty summary[1].

Category BNL [ppb] FNAL Goal [ppb]

Absolute Field Calibration 50 35

Trolley Probe Calibrations 90 30

Trolley Measurements Of B0 50 30

Fixed Probe Interpolation 70 30

Muon Distribution 30 10

Time-dependent External Magnetic Fields - 5

Others (Collective Smaller Effects) 100 30

Total (Quadrature Sum) 170 70

<ωp> (B-field) systematic uncertainty summary[1].

[1] J. Grange et al. [Muon g-2 Collaboration], arXiv:1501.06858 [physics.ins-det].
[2] M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018).

Category BNL 
[ppb]

FNAL Goal [ppb]

Total Statistical Uncertainty 460 100

Total Systematic Uncertainty 280* 100

Total (Quadrature Sum) 540* 140

aμ uncertainty summary[1,2].

* The net systematic is across 3 running periods.

J. Miller, BU, HEPAP Meeting
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Mu2e Sensitivity

• Mu2e Sensitivity best in all scenarios
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Final Target Design

J. Miller, BU, HEPAP Meeting46

• Radiatively cooled

• Peak temperature = 1130℃
(@ 8 kW proton beam power)

• Variable length segmented core and fins 
to control longitudinal temperature 
profile

• Four 1mm thick × 13mm tall fins, angled 
to minimize interference with Extinction 
Monitor view of target.

• Extended mounting bars on outside ring 
to minimize bending moment on target

• Stopped muon yield = 0.0015 m/POT

• Ready to start procurement and 
fabrication after final reviews 



J. Miller, BU, HEPAP Meeting47

Pictures courtesy of Major Tool & Machine, Indianapolis, IN

Heat and Radiation Shield Fabrication

Delivery Expected in February 2020



• A search for Charged Lepton 
Flavor Violation: 𝜇N→eN
– Expected sensitivity of    6x10-

17@ 90% CL, x10,000 better than 
SINDRUM-II

– Probes effective new physics
mass scales up to 104 TeV/c2

– Discovery sensitivity to broad 
swath of NP parameter space

The Mu2e Muon Beam Line & Detectors

J. Miller, BU, HEPAP Meeting 48

• Experiment scope includes
– Proton Beam line

– Solenoid systems

– Detector elements

(tracker, calorimeter, cosmic veto, DAQ, beam 
monitoring)

– Experimental hall

– Commissioning begins in 2020

m
e

4.6T
2.5T

2.0T
1.0T

Transport Solenoid (TS) Detector Solenoid (DS)

A System of superconducting solenoids and an intense muon beam

Production Solenoid (PS)

~25 meters

protons



Reduction of Prompt Backgrounds
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• Beam flash decays within 600 ns

• Live gate begins after prompt signal is gone

• t(m−) in Al = 864 ns >> prompt background duration

• Out-of-time backgrounds reduced by 10−10 extinction factor

Muon 
Captures

m− arrivals 
at target 



Mu2e:Signal and Background
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Simulation: Conversion Signal (Red)
+ Background from electrons in tail of 
distribution of ordinary muon Decay in 
Orbit(DIO)

[Simulated signal assumes Rme=2x10-16 ]

27 27

13 13eAl e Almm       

DIO

Signal

Assumes 6x107 seconds running at full intensity



Mu2e/g-2 beam lines
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• Mu2e or g-2 run concurrently with the neutrino program
• However Mu2e and g-2 cannot run simultaneously
• g-2 beamline complete and delivering muons since 2017
• Mu2e beamline is complete up to final focus region
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Muon g-2 Experiment measures the anomalous spin 
precession frequency.

2

1

1
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Eq
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m m






 
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 
 

 
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Simple case of no E-field, constant 
B-field, and momentum 
perpendicular to B-field.

0 if p = p
magic

=mc a
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~
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sμ
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sμ
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ωc

Experiment is sensitive 
to spin precession 
relative to momentum.

J. Miller, BU, HEPAP Meeting

Want a uniform B field: Then all stored muons precess
at same rate regardless of momentum, if E field=0.



P5 Recommendations: Mu2e and g-2
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