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Final Results of Muon g-2 from Fermilab
ố All datasets have been fully analyzed

ố Run-4/5/6 result announcedat Fermilab 

on June 3rd 2025

ố Perfectly consistent withprevious 

measurements

ố Most precise determination of ὥ with 

127 ppb accuracy
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Presented in the previous talk by Joe Price
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Outline

ốAnomalous precession frequency 

‫ measurement at FNAL

ÅPrinciples

ÅAnalysis flow

ốAnalyses combination

ốSystematic uncertainties

ốSummary
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Spin Precession in a Magnetic Storage Ring
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Spin Precession in a Magnetic Storage Ring
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Principle of ⱷ╪Measurement
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Weak decay violates parity symmetry

ố Positrons are preferentially emitted along the direction of anti-muon spin
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Principle of ⱷ╪Measurement

Positron energy spectrum encodes muon spin-momentum correlation

ố The most energetic positrons are those emitted along the muonôs momentum
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Principle of ⱷ╪Measurement
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Positron energy spectrum encodes muon spin-momentum correlation

ố The most energetic positrons are preferentially emitted along the direction of 

muon spin
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Principle of ⱷ╪Measurement

We measure the energy and timeof decay positrons

ⱷ╪signal is encoded in the wiggle plot:ὔ ὸᶿὩ Ⱦ ρ ὃÃÏÓ‫ὸ •

Time-modulation of Ὡ energy spectrum
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Analysis Flow

Data Acquisition Reconstruction Data Weighting Wiggle Fitting

Pulse 

Fitting

Time 

Correction

Gain  

Correction
Clustering

Pileup 

Correction
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Analysis Flow

Data Acquisition Reconstruction Data Weighting Wiggle Fitting

ốEnhancing statistical power through 

asymmetry-weighted events

ố T-methed

Å A(E) = 1

Å With a threshold of 1.65 GeV

ốA-method

Å Extract A(E) from energy bin scan 

(50 MeV bin size)

Å With a lower cut of 1 GeV

ρ
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Analysis Flow

Data Acquisition Reconstruction Data Weighting Wiggle Fitting

ố Simple 5-parameters model only captures 

the exponential decay and Ὣ ςoscillation

ὔ ὸ ὔὩ Ⱦ ρ ὃÃÏÓ‫ὸ •

ố Must account for beam oscillations, 

detector effectsand muon losses
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Coherent Betatron Oscillation (CBO)

ố CBO enters the data through coupling between detector acceptance and muon decay 

position. It dominated Run-1/2/3 systemactic uncertainty

Beam Motion Detector Acceptance Distorted Wiggle Plot
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Coherent Betatron Oscillation (CBO)

ố A radio-frequency (RF) was applied 

to the electrostatic quadrpole plates 

to suppress CBO effect in Run-5/6

No Additional RF on ESQ Additional RF on ESQ

ố CBO enters the data through coupling between detector acceptance and muon decay 

position. It dominated Run-1/2/3 systemactic uncertainty
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Coherent Betatron Oscillation (CBO)

ố A radio-frequency (RF) was applied 

to the electrostatic quadrpole plates 

to suppress CBO effect in Run-5/6

ố CBO enters the data through coupling between detector acceptance and muon decay 

position. It dominated Run-1/2/3 systemactic uncertainty

ố The CBO-induced bias:1.7 ppm 

(Run-2) Ą 0.1 ppm (Run-xyRF)

CBO-induced bias as a function of fit start time
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Coherent Betatron Oscillation (CBO)

VS.

ố A large CBO (thus a large bias) that can be well modeled, vs. a small CBO (thus a small 

bias) that is harder to model accurately

No-RF RF

CBO separation via sliding window technique
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Coherent Betatron Oscillation (CBO)

ố Non-parametric approaches developed: Gaussian Process Regression (GPR), Spline

GPR Spline

ố A large CBO (thus a large bias) that can be well modeled, vs. a small CBO (thus a small 

bias) that is harder to model accurately
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Residual Slow Effect

ố Time-dependent phase change leads to a bias: ‫ὸ •ᴼ‫ὸ •ὸ ‫ ὸ Ễ

ố The detector effect because of SiPM gain sag

ố Gain Correction in Run-1/2/3:

Å In-Fill Gain (IFG): caused by initial flash

ÅShort-Term Double Pulse (STDP): caused by single pulse

Energy-dependent Phase

IFG, recovery time ~ φ‘ί STDP, recovery time ~ ρυὲί
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Residual Slow Effect

ố Still remained in Run-4/5/6

ố 20 ppb ~ 40 ppbeffect on ‫ , 10 ppb ~ 20 ppbuncertainty

ố Identified: Intermediate-Term Double Pulse (ITDP)

Å Similar to STDP, but longer time scale, recovery time ~ φ‘ί
Å Specialized hardware study
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Analysis Flow

Data Acquisition Reconstruction Data Weighting Wiggle Fitting

ố Simple 5-parameters model only captures 

the exponential decay and Ὣ ςoscillation

ὔ ὸ ὔὩ Ⱦ ρ ὃÃÏÓ‫ὸ •

ố Must account for beam oscillations, 

detector effectsand muon losses

ố The function expands to between 7 and 50 

parameters
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Analyses Combination
ố Acquisition clocks are hardware blinded, analysis is software blinded

ố Four major datasets based on the presence or absence of RF: Run-noRF, Run-xRF, 

Run-5xyRF, and Run-6xyRF

ố 5 analysis groups, 20 methods in total

ố 7 analyses are used in the average
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Systematic Uncertainties

ố With respect to Run-2/3:

ÅLargest uncertainties are still CBO and Residual Slow Effect

ÅRest of the systematics are stable over datasets

ÅTotal systematic uncertainty for Run-4/5/6 is 30 ppb with 114 ppb statistical uncertainty


