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Muon g2 Experiment at Fermilab

Muon g-2 Collaboration
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Goal: measurethemu on 0 S
anomalous magnetlc moment (0 Six physics runs Final result released
140 parts_per_bi”i()n from 2018 to 2023  in June 2025
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Magnetic Moments Drive Discovery
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Why study muonQ ¢?

Deviationsfrom Q ¢ probe interactions with all sectors of the SM (and possibly beyon
Dirac term (2) Quantum Electrodynamics (QED)
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Hadronic Vacuum Hadronic Lighby- Electroweak x40,000 sensitivity boost picking
Polarization (QCD) Light (QCD) (EW) muon over electron
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Muon g2 Theory Initiative

held at the KEK Tsukuba campus (Tsukuba, Japan), 9-13 September 2024.

Group of scientists working to compile all inputs to Standard Model prediction of the muon magnetic anom:

Published White Papers in 2020 and 2025 White Paper 2020Phys. Rept. 887 (2020}1166

White Paper 2025Phys. Rept. 1143 (2025)168
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SM prediction: value & uncertainties

QED (a/2m)
QED (higher)
HVP

HLbL

EW fractional

— contribution
@z uncertainty
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Valueis dominated by QED
Uncertaintyis dominated by HVP
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History of Muon g2 Measurements
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60+ year history of measuring
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History of Muon g2 Measurements
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Fermilab goal 140 partsper-billion (ppb)
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We exceeded our statistics goal!
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Similar statistics as 4.6 times more data 2.6 times more data than Rel'2/3
aNL than Rurl Phys. Rev. Lett. 135, 1018@D25)

Phys. Rev. Lett. 126, 1418(2D21)
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Phys. Rev. Lett. 131, 1618@023)
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The Measurement Principle

Place muons in aniform magnetic field

Measure thedifferencebetween spin
and cyclotron frequencies

W =0
0

Measurement recipe:

Measurd and magnetic field

Extracto

Sean Foster
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Spin periods = @
g-2 periods = 0
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e |

SpIN  e—t
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Storage ring technique
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The Big Move In 2013 from BNL
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Storage ring technique
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Muon decay

o

Muons decay via © Q°

We detect theinward spiraling decay
positron

Muon spin information encoded In
decay positron energy spectrum

Sean Foster
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Detector systems

Electromagnetic calorimeters

Time and energy of decay positrons measured with
24 calorimeters

Each calo has 54 (9x6) CherenkiW- crystals read
out by SIPMs

Arrival time (~100ps), energy of e+ (~5% at 2GeV) B

=~

Laser calibration system for gain stability

Straw trackers

Two straw trackersised to measure positron tracks

Each contains 8 modules, 4 layers of 32 straws, 50750
Ar:Ethane :

Extrapolated tracks determine muon decay position PN |
proxy for muon beam " storage )1

region

Sean Foster 15
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What we measure

o Q \ er | | Y « External inputs
| W —-—0 — W R —— —— (22 ppb uncertainty)
a —‘ % UY g a !
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Precession frequency beam motion Phase changing etfects
—N\— —N— —N—_—
] ] D O O O 0 0
fe N a Y ovap O O
;V—J _\/—’
Weighted magnetic field Transient magnetic fields
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Magnetic field measurement .

Proton nuclear magnetic resonance (NMR) used to meastietB | 9 0
1 M
YRR | \) In-situ NMR probes calibrated to a
M e water-based cylindrical probe
17 petroleum jelly 2D field maps
NMR probes (~8000 points)
. "3 ¢ 5. Trolley RUHS\ water-based cylindrical Calibration Probe
e > Absolute calibration to shielded
S Interpolated protons in a spherical sample
Fixed probes above/ muon storage region
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Muon distribution measured
py trackers

Time since injection: 5.0 us
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Counts/50 MeV

Precession frequency measurement

Parity violation of muon decasauseshape of decay positron
energy spectrao oscillatein time atj

6000 %10 - 50x10°
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Our data: the Wiggle Plot |

Runnkpkc RFEFGOGF 09062 O0KANRA 2F CSNY

Signal Is the prominent
wiggle

Exponential decay at
boosted muon lifetime

Size of the wiggle set by
weak decay asymmetry
and positron energy

threshold
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