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Å Themuon g-2 experimentat Fermilab(E989) aimsto measurethe

muonanomaly╪Ⱨ
▌Ⱨ

with a designprecisionof 140ppb.

Å The total uncertainty consists in the sum in quadrature of

systematicandstatisticalcontributionsof a samesize(100ppb).

Å It will allowto improveof a factor of 4 the precisionof the previous

resultat BNL(E821) experiment(540ppb).
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The intrinsic magnetic moment of a particle with spin ᴆὛis:

ᴆ‘ Ὣ
ή

ςά
ᴆὛ

The g-factor (gyromagnetic) defines the coupling between the spin and the 

magnetic field, and for ᴆὛ ρȾςelementary particle (e, µ, †):

Å g = 1 classic theory;

Å g = 2 Dirac equation;

Å g Ґ нΦллнооΧ ǉǳŀƴǘǳƳ ŦƛŜƭŘ ǘƘŜƻǊȅΦ
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The answer is in the radiative corrections:

Ὣ ς(Dirac 1928)

Why ▌ ? 
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The answer is in the radiative corrections:

Ὣ ς  πȢππςσσρφȣ (1° order, Schwinger 1948 ς QED largest contribution Ḑρτπππ diagrams) 

Why ▌ ? 

1 loop 2 loops 5 loops... ... ... ... ...
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The answer is in the radiative corrections:

Why ▌ ? 
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The answer is in the radiative corrections:

Why ▌ ? 

This term ŎŀƴΩǘ ōŜ ŎƻƳǇǳǘŜŘ ǳǎƛƴƎ ǇŜǊǘǳǊōƛƴƎ ǘƘŜƻǊȅ, representing the 
main source of uncertainty for the theoretical prediction, with an error 
of 0.6% O this term is computed via dispersive approach.
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╪Ⱨ
╗╛╞Dispersive approach

Main sources of uncertainty:
Å Large fluctuations at low energy due to the hadronic resonances
Å Merge measurements of different hadronic channels from different experiments.
Å Huge work to combine all the input data and evaluate the systematic 

uncertainties.



Theory - Experiment comparison until 2020
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Situation at 2020 when the first TI result has been published.



Muon g-2 experiment: Data collection
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2021 
Publication
2018 data

2023
Publication

2019-2020 data

Ended early due to Covid pandemic 

PROPOSAL

GOAL

2021-2023 data ς
currently under analysis



How do we measure ╪Ⱨ? 
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Å Muons are injected in a magnetic field of 1.45 T
Å When a muon moves in a uniform magnetic field its spin rotates faster 

than its momentum (if g>2) and the difference between the spin and 
momentum angular velocity is the anomalous precession velocity ⱷ╪:

g = 2 g > 2
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How such precision is possible?
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Å 4 nature giftsallow to reach this very high precision:

1. Muons strongly polarized (95%):

ü It is possible thanks to the weak pion decay

2. Precession frequency proportional to (g-2)

ü ⱷ╪ ⱷ╢ ⱷ╬
▌

ẗ
▄║

□

3. Magic momentum ╟Ⱨ Ȣ Gev/c:

ü ‫ ὥὄ ὥ ᴆ‍ Ὁ

4. Positron emitted preferably in direction of the muon spin

‎ ρ
ρ

ὥ
ḐςωȢσ



╪ⱧExtraction (simplified) 
Å The magnetic anomaly ╪Ⱨis obtained by measuring many quantities:
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Ratio measured at 
Muon g-2 experiment:

╡
ⱷ╪
ⱷᴂ▬

Quantities measured in 
other experiments

ⱷᴂ▬represents the magnetic field as proton Larmor frequency (in a water 

sample) weighted with the beam distribution inside the ring.



g-2 short recap: The Ring
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Detectors
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Å 24 electromagnetic calorimeters:

Å 54 PbF2 crystals read by 54 SIPMs.

Å Crystal length 14 cm, 15 ὢ.

Å Cherenkov light faster than showers (signal 

width Ḑnanoseconds).

Å Laser calibration system, allows the energy and 

time calibration of the calorimeters

Å Two straw tubes trackers.

Å 32 planes of drift tubes filled with a 50:50 

mixture of Ar/Ethane O Built in Liverpool!

CalorimeterTracker
chamber

15



08/11/24 16E.Bottalico - (HEP Seminar 2024)

ⱷ╪ measurement

ὔὸ ὔ ẗὩ ẗρ ὃẗÃÏÓ‫ ẗὸ •

ÅThe simplest function which describesthe

number of emitted positron from muon

decay(socalledάwiggleplotέύis:

ÅThe FFT of the ŦƛǘΩǎresidual shows many

frequencypeaksdue to beam dynamicseffects

that arenot modeledby the previousfunction.

Start time Fit t > 30µs
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ⱷ╪ measurement 
ÅTakinginto account for the beam motion, the fit function gets more

complicatedup to containup to 27parametersin Run-2/3.

Run-3a: 33 B e+
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ⱷ▬ Measurement

ÅThemagneticfield ismeasuredby:

Å378fixed probesaroundthe ring;

Å17 NMR probes moved around the ring

viaa trolley.

ÅThe tracker measures the muon

distributionaroundthe ring.

ÅThemagneticfield map is weighted with

the muon distribution to obtain the

effectivefield experiencedby muons.

Muon distribution

From tracker

Field map

From trolley
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╪Ⱨ Extraction ς Real world

For the measurement of ὥ the measured ‫ and ‫ need to be corrected by:

Beam dynamics corrections

Transient field corrections

Ὑ
Ὢ ‫ ρ ὅ ὅ ὅ ὅ ὅ

Ὢ ‫ ὼȟώȟ‰ ὓὼȟώȟ‰ ρ ὄ ὄ

╒▄Ḑ450 ppband ╒▬Ḑ180 ppbare the higher correction applied to ‫ .

╒▬╪and ║▲have the higher systematic errors in Run-1.
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Ὢ ‫ ρ ὅ ὅ ὅ ὅ ὅ
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╒▬╪and ║▲have the higher systematic errors in Run-1.
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Run-1 Publication

08/11/24 21E.Bottalico - (HEP Seminar 2024)

Published on PRL ς7th April 2021

Physical Review Letters 126(14), 141801

https://link.aps.org/pdf/10.1103/PhysRevLett.126.141801


Run-1 Publication
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Physical Review Letters 126(14), 141801

PRAB

PRA

PRD

PRL

Physical Review A 103, 042208

Physical Review D 103, 072002

Physical Review AB 24, 044002

https://link.aps.org/pdf/10.1103/PhysRevLett.126.141801
https://journals.aps.org/pra/pdf/10.1103/PhysRevA.103.042208
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.103.072002
https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.24.044002
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Run-1 systematic

Run-1

Systematics

Run-1

Uncertainties

Statistical

434 ppb

Systematic

157 ppb

Total Uncertainty: 462 ppb

Total Systematic: 157 ppb

Target: quadrupole transient field Bq

and phase-acceptance effect Cpa

Dominated by 

statistical error

92 ppb

75 ppb



Run-2/3 - Improvements  
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Statistics

Analysis Improvements
Systematic 

Measurements & Studies

Running Conditions


