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Slide from first FNAL seminar on g-2
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Slide from first FNAL JETP talk on g-2

First presentation to CAB!
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Slide from first FNAL JETP talk on g-2

Renderings much better by Aug
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Muon Campus today
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Slide from first FNAL JETP talk on g-2

2012 focus was on how to get the 50’ 
wide g-2 storage ring to Fermilab 
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Slide from first FNAL JETP talk on g-2

We still thought  flying
might be an option 😂😂

We took a much longer, but 
safer route around Florida
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Slide from first FNAL JETP talk on g-2

This part we had right!
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Slide from first FNAL JETP talk on g-2

Mostly right, used 355 
and 88 instead of 294
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Slide from first FNAL JETP talk on g-2
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Slide from first FNAL JETP talk on g-2

Actually, not too bad here either...1st

attempt to power the ring was July 2015
FY16 – shimming year
FY17 – first engineering run
FY18 – first physics data (just published)
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All put back together at Fermilab!
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What are muons?

Fundamental building blocks 
of the Standard Model • Similar to electrons

– Same charge
– Same spin properties

• Important differences
– 200x more massive
– Unstable, live ~2 millionths of a 

second before they decay
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• Because of their spin & charge, 
muon’s act like little bar magnets and 
have a magnetic moment, µ

• Like a bar magnet, they feel a torque 
when placed in a magnetic field

• That torque causes the muon spin to 
precess around the magnetic field at 
a rate that increases or decreases 
depending on the strength of µ & B

B

Muon g-2 measures the muon’s magnetic moment
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• The strength of the magnetic moment can 
be written in terms of fundamental constants 
and an overall coefficient called the g-factor

The g-factor 

• g = 1
– This was the classical expectation around 1900

• g = 2
– Folding in relativistic quantum mechanics, the expectation was 

shown to be 2 by Thomas and predicted by Dirac’s wave equation

• As you can guess from the experiment name, Muon g-2, there 
is more to the story...
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The anomalous magnetic moment, aµ

e+

e-π-
π+

e+e-

?
?

e+e-

• Particles are never truly alone, constantly surrounded by an 
entourage of other particles blinking in and out of existence

• What particles?  All of them!  

• The anomalous magnetic moment, 
aµ, is the interesting part

𝑎𝑎𝜇𝜇 =
g− 2

2
𝜔𝜔s = g

eB
2𝑚𝑚𝑚𝑚
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Dark matter! SUSY! Monsters yet to 
be imagined!

B

New physics search Image Credits: Derek Leinweber

• Measuring the precession tells us the 
muon magnetic moment 

• The high precision allows us to ‘see’ 
if new particles or forces are 
contributing to the anomaly!

𝑎𝑎𝜇𝜇 =
g− 2

2

http://www.physics.adelaide.edu.au/theory/staff/leinweber/
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A hint of new physics
• aµ last measured 20 years ago at Brookhaven National Lab (BNL) where 

an interesting 2.7σ hint of new physics was discovered
– Has grown to 3.7σ with improvements in theory

• The difference has intrigued physicists for years
– Difference is ~27 x 10-10 in aµ

𝑎𝑎𝜇𝜇 =
g− 2

2
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Bringing g-2 to Fermilab

• Goal:  Bring the container used to hold the muons from BNL 
and couple it to Fermilab’s powerful accelerator beam

• Reduce the overall error by 
a factor of 4 to 140 ppb
– 20x the muons  reduce

statistical error from 460 to 
100 ppb

– control systematics at the 
same 100 ppb level (3x 
better)

Brookhaven Muon Storage Ring

Parts of the 50’ diameter storage 
ring could not come apart!!
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All put back together at Fermilab!
Can think of 

muons as little 
spinning tops 

with a 
magnetic 
moment

In a magnetic 
field they 

‘precess’ like a 
gyroscopeB

Goal: Measure 
the precession 
frequency…to 

very high 
precision
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The analysis ‘big’ picture

⊗

𝝎𝝎𝒂𝒂

𝝎𝝎𝒑𝒑⨂ 𝝆𝝆(𝒓𝒓) ⇓

*All plots actual Run 1 data
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SystematicsSystematics (numerator)

*Run 1 ωa data analyzed in four subsets
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Systematics (denominator)
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Gathered on Feb 25 to unblind

UW envelope

FNAL envelope
Same numbers!
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Four articles on arXiv and published in Phys Rev

First for Phys Rev to co-
publish 4 articles for an 
experimental result!

PRAB

PRA

PRD

PRL

Muon precession

Proton precession

Beam dynamics
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Run 1 result

• We found nothing that 
would change BNL 
result
– Larger collaboration
– Higher purity beam
– More advanced 

instrumentation
– More powerful 

simulations

aµ(BNL) = 0.00116592089(63)  540 ppb
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Run 1 result

• 15% smaller error 
than BNL

• Both experiments 
dominated by 
statistical error

• Good agreement 
 safe to combine

aµ(FNAL g-2; Run 1) = 0.00116592040(54)  463 ppb
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Experimental combination

• 15% smaller error 
than BNL

• Both experiments 
dominated by 
statistical error

• Good agreement 
 safe to combine

aµ(Exp) = 0.00116592061(41)  350 ppb
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Comparison to SM prediction
aµ(SM) = 0.00116591810(43)  368 ppb

• Individual tension 
with SM
– BNL: 3.7σ
– FNAL: 3.3σ

aµ(Exp) - aµ(SM) = 0.00000000251(59)  4.2σ

 3.7σ

 3.3σ
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Conclusions

• We have determined aµ to an unprecedented 460 ppb precision! 

• The Run 1 result
– 6% of ultimate data sample
– 15% smaller error than BNL
– 3.3σ tension with SM

• After 20 years, we confirm the BNL experimental results!
• Combining BNL/FNAL and comparing to theory  4.2σ tension
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The results heard round the world!
• The worldwide press coverage was astounding

– Over 3000 media outlets covered the story
– Total estimated media reach of those outlets 3.5 billion 

people!  (Pop. Earth 7.7 billion)
• Nobel prize committee invited us to present the results at 

the Manne Siegbahn Memorial Lecture in Stockholm
– Frist time this honor has gone to particle physics since the 

Higgs discovery in 2013
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Outlook

Run 1 results ~6% of full stats, 
434 ppb stat⊕ 157 ppb syst errors 

Run 2/3 analysis in progress, expecting to 
reduce combined experimental error by 
another factor of 2 by next summer.  
Systematics on track for < 100 ppb

Run 4 (now) and beyond, 
aiming for 20xBNL  and 
another factor of ~2 
reduction in error

Much more data to come!
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Thank you!
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