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Final Results of Muon g-2 from Fermilab
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Spin Precession in a Magnetic Storage Ring

Lab Framée Rest Frame
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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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Spin Precession in a Magnetic Storage Ring

Lab Framée Rest Frame
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Spin Precession in a Magnetic Storage Ring

Next talk by Rest Fram| Q ¢
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Principle of ® L Measurement

Weak decay violates parity symmetry

6 Positrons are preferentially emitted along the direction ofrantn spin
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Principle of ® L Measurement

Positronenergy spectrum encodes muon spomentum correlation

6 The most energetic positrons are tho
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Principle of ® L Measurement

Positronenergy spectrum encodes muon spomentum correlation

6 The most energetic positrons are preferentially emitted along the direction of
muon spin
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Principle of ®L Measurement

Fositron encry) ~t[ Time-modulation ofQ energy Spectrurr}.." correiaton
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Analysis Flow
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Analysis Flow
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Coherent Betatron Oscillation (CBO)

6 CBO enters the data through coupling between detector acceptance and muon dec:
position. Itdominated Run-1/2/3 systemactic uncertainty

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

6 CBO enters the data through coupling between detector acceptance and muon dec:
position. Itdominated Run-1/2/3 systemactic uncertainty
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Coherent Betatron Oscillation (CBO)

6 CBO enters the data through coupling between detector acceptance and muon dec:
position. Itdominated Run-1/2/3 systemactic uncertainty
: : CBO-induced bias as a function of fit start time
6 Aradiofrequency (RF) was applied e
to the electrostatic quadrpole plates st J\F ;‘"\ N
to suppress CBO effect in Rii6 Lok & N A f
. &‘3‘ ‘M‘ :" ,*’ S \:K .“\ ';l f”\ M 5
D = O05F ib*1:13\‘ . S ;.#,f' ’\«‘5:{1‘; f j',l::: ]
o [ eeqod , e { §f :
= 0.0F “ '1! \t"*-,.*.\ ‘:{,"'{;: ‘/'."’:?5:‘**&.\ ’.4',‘:,":",,--—- ]
6 The CBGinduced biasi.7 ppm S el “.“3},,% ﬁ?“ AN
(Run-2) A 0.1 ppm (RunxyRF) ol e T bW
S - "{ r!\.\‘ ;’.'" —®=- Run-noRF k‘..f”‘\ ‘* ,’," -:
-1.5 — % ¢ - Ejzzgxyii \\“‘}} -

30 32 34 36 38 40 42 44
Start time [us]

@
NEDR
SV=9)5

Anuﬁ

,Lbu e - * i
é’ Tg’UNGi;A%L':?'IN:;T—UZ v @. — 8 — Y. ZENG @ WIN 2025, Brighton



Coherent Betatron Oscillation (CBO)

6 Alarge CBO (thus a large bias) that can be well modeled, vs. a small CBO (thus a s
bias) that is harder to model accurately

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

6 Alarge CBO (thus a large bias) that can be well modeled, vs. a small CBO (thus a s
bias) that is harder to model accurately

6 Non-parametric approaches developed: Gaussian Process Regression (GPR), Splir
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Residual Slow Effect Eayyy,

6 Time-dependent phase change leadsto albias: « ©7 0 < (0 |] — o0 E

6 The detector effect because of SIPM gain sag

6 Gain Correction in Rwi/2/3:
A In-Fill Gain (IFG): caused by initial flash
A ShortTerm Double Pulse (STDP): caused by single puj se
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Residual Slow Effect
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Analysis Flow
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Analyses Combination

6 Acquisition clocks are hardware blinded, analysis is software blinded

6 Four major datasets based on the presence or absence of RtoRIRUNXRF,
Run5xyRF, and RurbxyRF

6 5 analysis groups, 20 methods in total

6 7 analyses are used in the average
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Systematic Uncertainties

6 With respect to Rw2/3:
A Largest uncertainties are still CBO and Residual Slow Effect
A Rest of the systematics are stable over datasets
A Total systematic uncertainty for R45/6 is30 ppbwith 114 ppb statistical uncertaint
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