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Todayôs Status about Muon g-2Todayôs Status about Muon g-2

3.3 sï4.1 sdifference depending on theory calculation

Å If the discrepancy sustains, strong indication of new physics!

ÅEven if not, Damtightly constraints new physics model

ÅSignificant implications to interpret any BSM phenomena

D. Hertzogôs projection map
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Pedagogical: What is (muon) g -2?Pedagogical: What is (muon) g -2?

Spin, magnetic momentum, g -factor

ÅIntrinsic magnetic momentum for any (charge) particle 

with spin S

Åg-factor dictates the relationship between momentum 

and spin, tells something fundamental about the particle 

itself (and those interacting with it)

ÅClassical system Ą g = 1

ÅElementary particles such as electrons Ą g = 2

ÅComposite particles such as protons Ą g != 2

ÅIt provides a unique prospective to analyze the particle 

without óbreakingô it: observe and learn!
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Where is the anomaly?Where is the anomaly?
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Where is the anomaly?Where is the anomaly?

We physicists love óanomaliesô

ÅElectrons, do we really óseeô g=2 as predicted by Dirac?
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Where is the anomaly?Where is the anomaly?

We physicists love óanomaliesô

ÅElectrons, do we really óseeô g=2 as predicted by Dirac?

ÅNO! [1948 Kush and Foley measured g e = 2.00238(6)]

ÅWhere does this 0.1% deviation comes from?

ÅEmpty space ?!
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Where is the anomaly?Where is the anomaly?

We physicists love óanomaliesô

ÅElectrons, do we really óseeô g=2 as predicted by Dirac?

ÅNO! [1948 Kush and Foley measured g e = 2.00238(6)]

ÅWhere does this 0.1% deviation comes from?

ÅEmpty space ?!

ÅAs it turns out, the space is never óemptyô, virtual particles 

pop in and out within short period ïradiative corrections 

First order QED: beginning of QED and the Standard Model
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From óbeginningô to óbeyondô of 
Standard Model
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A slight change of name: g Ą a

ÅFrom óempty spaceô Ąóeverything includedô

ÅConsider QED, hadronic, electroweak correctionsé
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From óbeginningô to óbeyondô of 
Standard Model

From óbeginningô to óbeyondô of 
Standard Model

A slight change of name: g Ą a

ÅFrom óempty spaceô Ąóeverything includedô

ÅConsider QED, hadronic, electroweak correctionsé

New 

correction 

beyond EW 

scale? 

beginning of 

the Beyond 

Standard 

Model?
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From óbeginningô to óbeyondô of 
Standard Model

From óbeginningô to óbeyondô of 
Standard Model

A slight change of name: g Ą a

ÅFrom óempty spaceô Ąóeverything includedô

ÅConsider QED, hadronic, electroweak correctionsé

ÅMuon is special

Åmu/me ~ 200, sensitivity ~ 200 2 ~ 104 (effects on muons are 

much easier to be observed than electrons)

ÅEasy to make ample production, life time (2.2 ms) long enough 

to óobserveô and make measurements
New 

correction 

beyond EW 

scale? 

beginning of 

the Beyond 

Standard 

Model?
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╝╟



Recent Progress with Muon g -2 Experiment at Fermilab, Liang Li, ICHEP 2018 July 7 th , 2018
7

Experimental: How to Measure?Experimental: How to Measure?
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Experimental: How to Measure?Experimental: How to Measure?

The name of game changes again: a Ąw

ÅPut (polarized) muons in a magnetic 

field and measure precession f.q.
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decayed electrons
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Experimental: How to Measure?Experimental: How to Measure?

The name of game changes again: a Ąw

ÅPut (polarized) muons in a magnetic 

field and measure precession f.q.

ÅGet muon spin direction from   

decayed electrons

Åam~ difference between precession 

frequency and cyclotron frequency

g=2 g>2
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Frequency Measurements Frequency Measurements 



Recent Progress with Muon g -2 Experiment at Fermilab, Liang Li, ICHEP 2018 July 7 th , 2018
8

Frequency Measurements Frequency Measurements 



Recent Progress with Muon g -2 Experiment at Fermilab, Liang Li, ICHEP 2018 July 7 th , 2018
8

Frequency Measurements Frequency Measurements 

Humans are very good at counting (frequency measurements)
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Frequency Measurements Frequency Measurements 

Humans are very good at counting (frequency measurements)

ÅMeasure frequency ratio and extract from several measurements

Åwp is the proton precession frequency ( wp ~ |B|) 

Åvp is the weighted magnetic field folded with muon distribution 

ÅAll other values from Committee on Data for Science and 

Technology (CODATA), uncertainty < 25 pb 

Å E.g. muon -to-electron mass ratio by muonium hyperfine structure experiment
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Frequency Measurements Frequency Measurements 

Humans are very good at counting (frequency measurements)

ÅMeasure frequency ratio and extract from several measurements

Åwp is the proton precession frequency ( wp ~ |B|) 

Åvp is the weighted magnetic field folded with muon distribution 

ÅAll other values from Committee on Data for Science and 

Technology (CODATA), uncertainty < 25 pb 

Å E.g. muon -to-electron mass ratio by muonium hyperfine structure experiment

ÅFinal measurements done in three steps

Å Inject muons into a ring with uniform magnetic field

ÅMeasure proton precession frequency wp

ÅMeasure muon frequency difference wa

ÅThe last two steps done simultaneously and independently (blind 

analyses)
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Experiment setupExperiment setup


