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particle physics in the news last month

you might have seen some of these headlines

The BBC (10 Aug)

https://www.bbc.co.uk/news/science-environment-66407099
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the muon’s g − 2

• magnetic moment of a charged lepton:

µ⃗ = g
e

2m
S⃗

• Dirac: gDirac
µ = 2

• in the full Standard Model
gSM = (2× 1 + aµ) > 2

• measure aµ by comparing cyclotron and Larmor

frequency ωs − ωc = aµ × q B

mµ

• if athµ ̸= aexpµ ⇒ physics Beyond Standard
Model

g = 2

µ B⃗

g > 2

µ B⃗

p⃗

S⃗
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g − 2 measurement

most precise measurement of g − 2 [FNAL 23]

160 170 180 190 200 210 220

1010 × aµ − 11659000

WP20 World avg.

FNAL I

FNAL II

BNL

5.2σ

5.2σ ⇒ 2× 10−7 chance of a statistical fluke

a discovery?

https://arxiv.org/abs/2308.06230
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g − 2 theory

1011× value diagrams

QED 1-loop α/2π = 116 140 973

QED 2-loop −177 231

+ 3 others

+ 1 conspiracy theory

QED 3-loop 1 480
+ 70 others

more QED −5

EW 153 Z/H/..

HVP 6 845(40)
+ others

HLbL 92(17)
total 116 591 810(43) [g − 2 white paper 20]

FNAL+BNL 116 592 059(22)

https://arxiv.org/abs/2006.04822
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g − 2 theory, again

160 170 180 190 200 210 220

1010 × aµ − 11659000

WP20 World avg.

FNAL I
FNAL II

BNL

5.2σ
KNT19

DHMZ19

J17

WP20(lattice)

BMW20

2π CMD-3

FNAL proj.

WP20 dispersive lattice experiment

need a third way of doing this to pin down aHVP
µ ! [CMD-3 23] [BMW 20]

https://indico.fnal.gov/event/59052/
https://inspirehep.net/literature/1862425
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a new way to measure aHVP
µ

how to you measure part of aµ?

• cannot calculate this diagram

• normally done in ee → hadrons which is really
messy

• a new proposal:

• measure eµ → eµ

µ µ

µ µµ µ

µ µe e
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extracting a diagram from data

the MUonE experiment

• completely independent of previous extraction

• much cleaner but also much smaller
(signal ∼ 10−3 × background)

• competitive extraction @ 10−2

⇒ goal for MUonE: measure eµ → eµ @ 10−5

[MUonE 19]

=

− textbook QED

− QED
5+ years,
4+ workshops,
34+ authors

https://cds.cern.ch/record/2677471/
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“QED”
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σLO ⊃
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“QED”
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the NNLO calculation

• in Dec 22 we published the first full NNLO
calculation for µ-e scattering

• the first NNLO calculation with two different
internal & external masses

• 11 authors, 12 institutes, 6 countries

• in the works for 5+ years

• run for 2.5 CPU yr
(290 kWh energy / 1300 kettles / 3.5 kgCO2e)

all results and data:

mule-tools.gitlab.io/user-library/mu-e-scattering/muone-full-legacy
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results @ NNLO

McMule
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