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Outline

● interest in muon's anomalous magnetic 
moment, aμ

● what we measure – muon anomalous 
precession freq. ωa and proton Lamor 

precession freq.  ωp

● construction and installation of g-2 
experiment and muon campus at  FNAL
 

● highlights of June 2017 commissioning 
run and future plans



  

Electroweak HadronicQED

new forces,
new particles?

dark matter,
dark energy?

aμ
SM

=aμ
QED

+aμ
Strong

+aμ
Weak

+aμ
NPInterest in muon anomaly,

aμ
QED =

116 584  719.0 (0.1)

aμ
EW =

154 (1)

aμ
Had =

 6983 (44) × 10 −11

aμ

SM BNL

× 10 −11

15-year, persistent
discrepancy

magnetic moment is dressed by quantum fluctuations from 
all known and unknown interactions



  

muon “fills” are injected  and stored in uniform vertical magnetic field with 
electrostatic quadrupoles for vertical  confinement.

we measure two frequencies – the muon anomalous precession freq. and 
proton Lamor precesssion freq. 

Penning trap for 3.094 GeV/c,
polarized muons
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Penning trap for 3.094 GeV/c,
polarized muons.

sets radius, field 
of storage ring.



  

Self-analyzing muons, ➡ e+ e

● relativistic boost from μ to lab frame yields  higher 
energy positrons when emitted along  μ-direction

● relativistic boost from μ to lab frame yields lower energy 
positrons when emitted opposite  μ-direction

 
 

e+ energy, y

e + direction, cosθ
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`self-analyzing'
muons



  

Self-analyzing muons, ➡ e+ e

● number of high energy e+s wiggles with freq. ωa 

● energy deposited by all e+s wiggles with freq. ωa 
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 1

ωp, proton NMR and measuring B



  

  

 1

ωp, proton NMR and measuring B
20 ppb precision absolute

 probe for calibration
of fixed / movable probes

17 movable probes

375 fixed  probes

mapping the spatial and
time dependence 

of storage riing field



  

 26 ppb, from
muonium hyperfine

experiment 

Extracting the anomaly aμ from ωμ, ωp

aμ=
ωa/ω p

μμ /μ p−ωa/ωp

c

ωp

ωa

From BNL expt. to FNAL expt. 

● 0.54ppm ➡ 0.14 ppm in aμ

● x21 statistics of decay e's

● x2 reduction (to 0.07 ppm) in 
ωa, ωp systematic errors



  

From  big move to first data



  

summer 2013,



  

Bottom yoke installed

Top yoke installedSuperconducting 
coils installed

2013-14



  

Magnet shimming

ω
a
  is determined by average magnetic  field 

seen by stored muon distribution so work 
hard to minimize longitudinal / transverse 
inhomogeneities

large number of 
shimming tools



  

Muon Campus

 8 GeV protons to recycler ring for 
rebunching

 extracted bunch and strike the π-
production target

 decay of π's  to polarized μ's in 
decay line

 Injection into delivery ring for μ,  
π, p separation

 Muons extracted  to g-2 storage 
ring

recycler
ring



  

●inflector null's storage ring 1.5T 
field in beamline entrance using 
superconducting double cosine 
theta coil.

●kicker displaces the injected beam 
by ~0.8 mrad  to place on storage 
ring's central orbit.

Inflector and kicker

kicker

inflector

central orbit
Injection path



Scintillating-fiber beam profile monitor 

– June 2017 commissioning run 

scintillating 
fiber array

beam
inflector



Twenty four, segmented PbF
2
 calorimeters 

– June 2017 commissioning run 

laser calibration



Horizontal / vertical, in-vacuum  scintillating fiber arrays 
– June 2017 commissioning run 

note
ω

c
, ω

CBO



In-vacuum, straw tube  arrays for positron detection

– June 2017 commissioning run 

positrons

protons



First fill  – May 23, 2017 commissioning run 



Wiggle plot – June 2017 commissioning run 



  

g-2 Cryo Plantg-2 Cryo Plant

Ring AssemblyRing Assembly

Shim FieldShim Field

Prep Chambers/InstallPrep Chambers/Install

Construct/Install Sub-systemsConstruct/Install Sub-systems

Accelerator ModificationsAccelerator Modifications

Ring cold ready for operations

Experiment ready for operations

Accelerator ready for operations

Ring ColdRing Cold

Detector/DAQ 
Commission

Detector/DAQ 
Commission

Beam
Tune-up

Beam
Tune-up

Physics Production RunningPhysics Production Running

Analysis Tools DevelopmentAnalysis Tools Development

Mock DataMock Data

2nd Results2nd Results

Full Running Intensity

Construction (Project & Muon Campus):

Operations (Laboratory):

Analysis (Collaboration):

1-2 x BNL statistics

~5-10 x BNL
21 x BNL

Final ResultsFinal Results

1st Results1st Results

FY19FY18FY14 FY15 FY16 FY17

5-10 x BNL

Schedule



  

 Extras.



  



  

Statistics



  

ω
a
 systematics.



  

ω
p
 systematics.



  

electron time (ns)decay time (μs), modulo 100 μs
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