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Principles of the experiment

1) Take polarized muons (come naturally from pion decay)

2) Inject muons into a uniform magnetic field

– Momentum precession (cyclotron frequency)

– Spin precession

                               momentum
                 spin
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BNL g-2 experiment in a nutshell

                       Determining the anomalous magnetic moment requires
                       measuring 

● The spin precession frequency 

muon decay is self-analyzing: higher 
energy positrons are emitted preferen-
tially in direction of muon spin

● The magnetic field B (     )

2001 data from E821

wrapped around modulo 100 μs

375 fixed NMR probes 17 NMR trolley probes
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Electric quads to contain the beam vertically

E-field contribution vanishes at this “magic” momentum

+HV

+HV

-HV -HV
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Electric field and pitch correction

E989 goal for CE and Cp combo: 30 ppb

E821 CE = 470 ± 50 ppb

F.J.N. Farley, Phys. Lett. 42 (1972) 66 

E821 CP = 270 ± 40 ppb
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Resonances of g-2 storage ring

F.J.M. Farley, W.M. Morse, Y.K. Semertzidis
E821 notes # 106, 116, 149

http://www.scientificgamer.com

resonance conditions:

Systematic uncertainties:
● Lost muons
● CBO
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uncertainties in E821 and E989 goals

statistical goal: x20 more muons
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uncertainties in E821 and E989 goals

D. Kawall, UMass
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Muon g-2 Collaboration (E989)

• Domestic Universities
– Boston
– Cornell
– Illinois 
– James Madison
– Kentucky
– Massachusetts
– Michigan
– Michigan State
– Mississippi
– Northern Illinois
– Northwestern 
– Regis
– Virginia
– Washington
– York College

• National Labs
– Argonne
– Brookhaven
– Fermilab

• Italy 
– Frascati 
– Molise
– Naples
– Pisa
– Roma 
– Triese
– Udine

• China:  
– Shanghai

• Germany:  
– Dresden

• Russia:  
– Dubna
– Novosibirsk

• England
– Lancaster
– Liverpool 
– UC London 
– Liverpool 
–

• Korea:  
– KAIST

7 countries
36 institutions 
   - 18 domestic
   - 18 international
(192 members)
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muons for g-2 (goal: 20x more than at BNL)

proton
beam

 recycler

pion produc-
tion target

g-2

booster

8-
Ge

V 
pr

ot
on

s

delivery ring

120-ns-long bunches
1012 p/bunch
12 Hz rep. rate
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… into the g-2 storage ring

muon beam
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New calorimeters 

• Compact based on fixed space
• Non-magnetic to avoid field perturbations

• Resolution not too critical for dwa 
– Useful for pileup, gain monitoring, shower 

partitioning and low thresholds
– Goal <5% DE/E at 2 GeV (a soft requirement)

• Gain stability depends on electronics and calibration 
system

– Goal:  Short term  < 0.1% DG/G in 600 ms
– Goal:  Longer term  < 1% DG/G in 24 h

• Pileup depends on signal speed and shower separation
– Subdivide calorimeter
– Use Cherenkov
– Goal:  2-pulse separation by space:  2 out of 3
– Goal: 2-pulse separation by time:  Dt > 5 ns

1 Moliere R
2 Moliere R

Head on (high E) High angle (low E)

Crystal 
Calorimeter

No lightguides!

Platform for 
Electronics

PbFPbF22 crystals crystals

X0=0.93cm, RM=1.8cm

D. Hertzog, UWpileup

396 CALORIMETER

Figure18.2: Front pictureof the7-crystal test array used in theFTBF. In thisconfiguration,
a SiPM is visible on the center channel, while PMTs are used on the remaining elements.
Thesecrystals werewrapped in whitemilliporepaper.

Figure18.3: Sample3⇥3⇥14 cm3 PbF2 crystals together with a 16-channel Hamamatsu
SiPM mounted to our Mark VII, resistive summing, voltage amplifier board. (Note, these
crystals are larger than in theconceptual design.)

• The absorber must be dense to minimize theMolière radius and radiation length. A
short radiation length is critical tominimizethenumber of positrons entering theside
of thecalorimeter whilemaintaining longitudinal shower containment.

• The intrinsic signal speed must be very fast with no residual long-term tail, thus
minimizing pileup.

SiPM readout
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Laser Calibration System

G. Venanzoni, Frascati
gain
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Tracker

New Tracker B. Casey, FNAL

                                                                  Purpose: measure the muon beam profile at multiple 
                                                locations around the ring as a function of 
                                                time throughout the muon fill. Is needed for 
                                                understanding systematic uncertainties 
                                                associated with ωa measurements 
                                                (calorimeter pileup, calorimeter gain, 
                                                muon loss, differential decay syst. 
uncertainty, etc). Will also be used to search for a tilt in the muon 
precession plane away from the vertical orientation (which would be 
indicative of an EDM of the muon).

Design: 5-mm-diameter 10-cm-long straw UV doublets at 7.5º. 
             straw walls: 6 μm Mylar  
             sense wires: 25 μm gold-plated tungsten at 1500 V
             gas: 80:20 Argon:CO2 
             readout: ASDQ chips   

beam,
EDM
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New Kicker D. Rubin, Cornell

width of pulse is proportional to length of blumlein

CBO
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Experiment timeline

 2009     2010 2011 2012 2013 2014 2015 2016 2017

E989 ProposalE989 Proposal
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Experiment timeline

 2009     2010 2011 2012 2013 2014 2015 2016 2017

E989 Proposal approved
storage ring at BNL

E989 Proposal approved
storage ring at BNL
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Experiment timeline

 2009     2010 2011 2012 2013 2014 2015 2016 2017

Jan.: Stage 1 approval by FNAL director
May: FY 11 Field Work Proposal granted to 
        develop CDR

Jan.: Stage 1 approval by FNAL director
May: FY 11 Field Work Proposal granted to 
        develop CDR
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Experiment timeline

 2009     2010 2011 2012 2013 2014 2015 2016 2017

Disassembly of g-2 storage ring started
First yoke piece removed (Sept.)

Disassembly of g-2 storage ring started
First yoke piece removed (Sept.)
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journey of coils from BNL to Fermilab 

more photos and info: http://muon-g-2.fnal.gov/bigmove

 2009     2010 2011 2012 2013 2014 2015 2016 2017
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Experiment timeline

 2009     2010 2011 2012 2013 2014 2015 2016 2017

Groundbreaking for MC1Groundbreaking for MC1
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Experiment timeline

● Hall temperature stability +/- 1ºC
● Stable floor (reinforced concrete, 84-cm-thick)

Beneficial occupancy of MC1Beneficial occupancy of MC1

 2009     2010 2011 2012 2013 2014 2015 2016 2017
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Experiment timeline
 2009     2010 2011 2012 2013 2014 2015 2016 2017

Ring reassembly started at FNALRing reassembly started at FNAL
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Experiment timeline

 2009     2010 2011 2012 2013 2014 2015 2016 2017

Yoke reassembly  finished.
Magnet at full power.
Field shimming started.

Yoke reassembly  finished.
Magnet at full power.
Field shimming started.
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Experiment timeline

 2009     2010 2011 2012 2013 2014 2015 2016 2017

Field shimming finished.
Installation of quadrupoles, kickers, 
detectors, etc. started. 

Field shimming finished.
Installation of quadrupoles, kickers, 
detectors, etc. started. 

1400 ppm

50 ppm
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Experiment timeline

 2009     2010 2011 2012 2013 2014 2015 2016 2017

Everything installed
Beam development
first stored muons!

Everything installed
Beam development
first stored muons!

http://www.nature.com/news/muons-big-moment-could-fuel-new-physics-1.21811
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Commissioning run summary

● Beam successfully transported through the (new!) beamline and delivered to the 
experiment.
x10 lower proton intensity per bunch; 1 Hz (goal: 12 Hz); no DR (100:1 p/µ ratio)

● Stored beam in the g-2 ring within a few days (transmission through the inflector, 
kicking to the design orbit, etc.)

● Tested as system, for the first time, all components (quads, kickers, etc.).
● Tested interference between different systems (NMR trolley-collimator, 

kicker-quads, detector operation and noise induced by high-current/high-voltage 
systems, etc.)

● Tested DAQ and offline data processing using real data. 
● Exercised everything we wanted to exercise (high, medium, low priorities)
● Identified places where the performance was subpar 

subpar vacuum -> quads and kickers did not reach nominal operating voltages;
kickers/quads interference; unstable power supply of the inflector; minor problems 
with DAQ and electronics.

● We are making improvements over the shutdown and getting ready for production 
data taking!
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Future plans
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Summary

● The new experiment at Fermilab E989 to measure the anomaly a
µ
 of 

the muon to 4x the precision of the previous BNL experiment 
(0.54 ppm) is on the way to its physics goal.

● A 5-weeks-long commissioning run completed successfully in July. 

● Deficiencies identified during commissioning run are being fixed 
during shutdown.

● The experiment is expecting beam end of October.
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