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Standard model

Leptons
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Magnetic dipole
moment

« Bar magnet, current loop ...
» Charged particle (electron, muon, ...)

* Angular momentum
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I Spin precession (in a magnetic field)

©s = Iom

Quantum mechanics (Dirac) g —-_ 2

1948 Foley & Kusch measure ge > 2 (electron) d. = 2.00238
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What do we measure (muons stored in a magnetlc fleld)’? ~
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What do we actually measure?

At "magic" ©
‘moementum . .
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What is it all about?

Dirac Haclmnic Light- Hadronic Vacuum

Equation Electroweak Polarization

-

+0.00116584719 4 0.00000000154 §+0.000 ﬂ[]{](}[](}fJQ +0.00000006845
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e . tion about vacuum properties
-~ Whi “Phys. Rept. 887 (2020) 1-166 T. Aoyama et al., "The anomalous magnetic moment of the
S https:/ 10.1016/j.physrep.2020.07.006 muon in the Standard Model,” Phys. Rept. 1143 (2025) 1-158,
'T > : arXiv:2505.21476
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I Number of decay positrons
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CERN
1960

Confirmation of QED
Precision 1%

By CERN - https://cds.cern.ch/record/41876, CC BY 4.0,
https://commons.wikimedia.org/w/index.php?curid=7098
2470
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BNL E821
1990

Precision 1 ppm
Is there a problem with
the SM?
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Arrival

)
: Costco,

foed
1
)
' BT Stree!
‘s

' Lot Rosd
\
\

Lermont
. Port

Marin Karuza, University of Rijeka and INFN Trieste

Alpont )

-~

Noirmoutier, June 20




I Reassembly « Superconducting ring travelled in one piece

Marin Karuza, University of Rijeka and INFN Trieste Les Rencontres de Noirmoutier 2026 Noirmoutier, June 2026



I Muon g-2 experiment

Recycler Ring

10ms 197 ms 1063 ms

16 bunches/1.4
sec ~
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I Experiment
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| Measuring the Field: NMR Probes | INNNEEERENN
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* In-vacuum NMR trolley maps field
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17 petroleum jelly
NMR probes

« 378 fixed probes monitor field during muon storage at 72 locations
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« Cross-calibrate using a cylindrical plunging H,O probe which
I repeatedly changes places with trolley (petroleum jelly probes)

PT1000 maco

support  aluminum sheeld macor supporn

s
’ 3 H / Calibration Volume §I

electronics RF coll support RF coll  water sample  plastic suppon

254 mm

- Plunging Probe

* This probe is checked against a spherical
probe using an MRI magnet at ANL

* Both also cross-checked against a *He
probe (different systematics)
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H,O Probe SHe Probe
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and field

Time since injection: 5.0 us
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N/149.2 ns

I Life is complicated

Time after injection modulo 102.5 [us]

E-field & Up/Down motion: Phase changes over each fill:
Spin precesses slower than | | Phase-Acceptance, Differential
in basic equation Decay, Muon Losses

Wa _ W14 Ce+Cp+ Cpo + Cag + Cry

wp Wy 1+ ;B’f — Bq. - y
/‘ Y

Transient Magnetic Fields: -
Measured Values Quad Vibrations, .
Kicker Eddy Current, “\ p
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Five-parameter fit
Multiparameter fit

fceo —fa
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Run-2 Run-3a Run-3b
Group Method R op R op R oR
I T  =99.112 0.377 =98.682 0.320 -97.298 0.520
I T -99.171 0.376 —98.700 0.323 -97.274 0.519
11 T  =99.198 0.377 =98.690 0.323 -97.267 0.520
v T  —99.147 0.382 —98.726 0.329 —-97.304 0.528
\Y T  —99.029 0.378 —98.603 0.325 -97.191 0.513
VI T  —=99.047 0.378 —98.581 0.325 -97.145 0.522
I A =99.197 0.339 -98.355 0.290 —-97.453 0.468
I A —=99.232 0.338 —-98.408 0.290 —97.407 0.467
111 A =99.253 0.337 -98.416 0.291 -97.422 0.468
v A —-99.199 0.344 —-98.430 0.295 —97.438 0.476
\Y A =99.134 0.340 -98.416 0.291 -97.337 0.466
VI A —=99.157 0.340 —98.397 0.293 -97.316 0.470
11 RT -99.189 0.383 -98.693 0.334 —-97.279 0.533
IN% RT =99.160 0.383 —98.710 0.329 -97.244 0.529
\Y RT —-99.006 0.384 —98.549 (0.325 —-97.158 0.513
I RA  —-99.222 0.345 —98.458 0.301 —97.402 0.480
v RA  —99.180 0.345 -98.432 0.297 -97.372 0477
VII Q  —99.191 0.543 -98.555 0.414 —-96.875 0.663
VII RQ  —99.300 0.491 —98.638 0.386 —97.239 0.616
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Blind analysis
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=31
Interacao de muons, a nova
forca da natureza que
cientistas acreditam ter
descoberto

Ehe Nirw ork Elmrs

£art TRONE

A Tiny Particles Wobble Could
Upend the known Laws of Physics
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2021 — first result

nature
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SCIENCE & NATURE
Physics Rulebook
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Is the standard model broken? Physicisis cheer
miajor muon result
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Im Dipartimento di Fisica gacebook

Risultati dell'esperimento Muon g-2 al Fermilab
Programma
15:00 G. Di Sciascio: Introduzione Y 48 405
15:10 F. Fucito & N. Tantalo, modera M. Bianchi: |l calcolo di g-2 ’

15:50 M. Sorbara: L'esperimento Muon g-2 al Fermilab.
16:30 discussione

April 7, Facebook - #

Facebook Performance Summary

‘Tantalizing’ Results of 2 Experiments Defy & %. Mark Hamill @

Evidence is mounting that The Force
has been with us...
ALWAYS.

@ The New York Times &

Breaking News: Evidence is mounting that a
tiny subatomic particle is being influenced by
forms of matter and energy that are not yet
known to science but which may nevertheless

Social performance affect the nature and evolution of the univer...
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21/04/21 15:00 CET N\ AN ¥
On-line Webinar . e
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B Fliysies Newss The Muoon g-2

Experiment Explained
O MATTERS

Muons: 'Strong’ evidence found for a

new force of nature

. O Fermi National Acce e O Fermi National Acce
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Tetal Engagements 1,484 Tota! Engsgements 768
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Final Result - Run 1-6

BNLG? —— @

FNAL g-2 +———@—+

* Final precision: 127 ppb

* Full dataset Run 1-6, 21 x BNL
statistics

« Surpassed design goal of 140 ppb
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-
Reality check vs TDR (140 ppb)

Category ES21 | E989 Improvement Plans Goal
[ppb] [ppb] Quantit Correction Uncertainty
Gain changes | 120 | Better laser calibration ALY (ppb) (ppb)
o “ chuw—energjf-' 'threshlol.cl — 20 w™ (statistical) L 114
ileup 8 ow-energy samples recorde w™ (systematic) o 30
calorimeter segmentation 40
L ‘ Ce 347 27
Lost muons 90 | Better collimation in ring 20
) - . Co 175 9
CBO 70 | Higher n value (frequency) -
. : L ‘ Cpu ‘33 ].L)
Better match of beamline to ring | < 30 C 2% 97
E and pitch 50 | Improved tracker Cdd 0 9
Precise storage ring simulations 30 [ ”}I < ) 1R
Total 180 drature s 70 Wr o
ota Quadrature sum B, 37 99
B, -21 20
Component Uncertainty (ppb) )

— Hp/ 1B ah 4
Statistical 98 m /mﬂ ama 292
Systematic 78 Total systematic for 'R.L v 76
External parameters ~22 Tﬂtal fDI' a“ 572 139
Total (quadrature) 127
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I Comparison with theory

« Lattice QCD
« CMD - 3, data driven approach

Hadronic Light- Hadronic Vacuum
by-Light Polarization

I

+0.0( }{](} 000092  +0.00000006845

Standard Model

./
Data-Driven HVP

Standard Model

Lattice (\)JCD HVP

(2020) (2025)
StandaT Model
CMD-3 Data-Driven HVP
(2023)
175 180 185 190 195 200 205 21.0

a,x 10 - 1165900

Marin Karuza, University of Rijeka and INFN Trieste

Les Rencontres de Noirmoutier 2026

Noirmoutier, June 2026



Conclusion

* Experimental results in excellent
agreement

 Final result: 127 ppb precision,
surpassing 140 ppb design goal

PHYSICAL REVIEW LETTERS 135, 101802 (2025)

Measurement of the Positive Muon Anomalous Magnetic Moment to 127 ppb
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https://www.youtube.com/live/66_aKM5Qhz4?si=tLpdnpqTkpYtNLVI

No!
MUonE

J-PARC Space-like measurement of HVP

Low energy muons
No electric field
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