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Lepton 
Universality
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Moments
• Electric and Magnetic

• Leptons v baryon

• Electron: “…magnetic moment is the 
most precisely calculated property of an 
elementary particle” (parts per trillion) 

• Gabrielse Physics Today 66(12), 64 (2013); 

• Theory of the Anomalous Magnetic 
Moment of the Electron: 

• Kinoshita et al. see e.g. Atoms 7 (2019) 1, 28

e

Single electron trapped for months 
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Magnetic 
moments

• The muon has an intrinsic magnetic moment 

that is coupled to its spin via the gyromagnetic 

ratio g:        Ԧ𝜇 = 𝑔
𝑒

2𝑚𝜇

Ԧ𝑆

• Magnetic moment (spin) interacts with external 

B-fields

• Makes spin precess at frequency determined 

by g
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Confronting Magnetic
Moments of Muon 

• g-2 results 

• n.b. lattice “BMW” argument

• Anomaly persists (dispersive calculation of 
HVP)

• This is of interest because the (heavier) muon 
is more sensitive to the vacuum

• Lamor precession in field

• Possible explanations: … Z’, ALPs, LQ etc.

Vacuum: Derek Leinweber

e µ
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Run-1  Muon Magnetic Moment
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Outline

• Muon g-2

• Interpretation and Theory

• Context

• Other Experiments
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Precision g-2

Evolution

Lpool

Collider era

𝑎𝜇 =
𝑔 − 2

2

Measuring deviations from
Pure Dirac prediction
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History g-2

Garwin, Lederman, Weinrich 2.00+/-0.10 Phys Rev  105, 1415 (Jan 57) @ Columbia 

In 1959 CERN launched the g-2 experiment aimed at measuring the anomalous 
magnetic moment of the muon. The measures were studied using a magnet 83cm x 
52cm x 10cm borrowed from the University of Liverpool. 

In 1962 this precision had been whittled down to just 0.4%.

g=2.004  0.014 (0.6%)

1957 Proc. Phys. Soc. A 70 543 

History g-2
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Storage Beam 
Method

• Store muons in a ring
• The spins precess like a top 

about the magnetic field as 
they circulate around the 
ring
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Muons in ring 
(I)

The anomalous magnetic moment is roughly proportional to 
the anomalous precession frequency

Spin precession freq: 𝜔𝑠 =
𝑔𝜇𝑒𝐵

2𝑚𝜇𝑐
+ (1 − 𝛾)

𝑒𝐵

𝑚𝜇𝑐𝛾

Cyclotron (mom. precession) freq: 𝜔𝑐 =
𝑒𝐵

𝑚𝜇𝑐𝛾

Anomalous precession freq: 𝝎𝒂 = 𝜔𝑠 − 𝜔𝑐 = 𝒂𝝁
𝑒

𝑚𝜇𝑐
𝑩

(simplified)

800x more sensitive than rest muon experiments that 
measure g
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Muons in ring(2)

• 𝜔𝑎 = 𝜔𝑠 −𝜔𝑐 = −
𝑒

𝑚𝑐
𝑎𝜇𝐵 − 𝑎𝜇

𝛾

𝛾+1
Ԧ𝛽 ⋅ 𝐵 Ԧ𝛽 − 𝑎𝜇 −

1

𝛾2−1
Ԧ𝛽 × 𝐸

• There is some vertical beam motion, so need to use electric quadrupole fields 
to contain the beam vertically (the B field holds them in horizontally). But 
these facts complicate the expression for the anomalous precession frequency

• At “magic” momentum (𝛾 = 29.3, 𝑝𝜇 = 3.09 ΤGeV 𝑐), last term cancels!

• Note 2nd and 3rd terms, due to beam “imperfections” are not exactly zero 

•CERN-III miracle
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Known in 
CERN (g-2) 
era

ℓℓ
?

New physics contributes as: 

Electron g-2 is presently measured x 2,000 better than muon g-2

But                     is 44,000.  2nd Generation Leptons v. useful.

Muon has sensitivity to new physics from < MeV to TeV.
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Trying to 
understand 
mass

Any new physics that contributes to the 
muon mass can contribute to am

am in loops

mm in loops
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BNL E821
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• g-2 Experiment at FNAL

• …can we resolve the E821 anomaly?  

I. Rabi (Schawlow)
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Muon 
Production 
(above ground)
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Fermilab Muon g-2 Experiment (E989)
• Rebuild the BNL experiment at Fermilab, but “Better, 

Stronger, Faster than before” (OK, maybe not faster…)

• Start with the original core foundation

• Reuse the BNL storage ring – move it to FNAL

• Power with Fermilab’s more intense, cleaner beams

• 4x reduction in uncertainty (540 ppb→140 ppb)

• 20x more muons (stat.unc. 460 ppb→100 ppb)

• Improvements/upgrades (syst.unc. 280 ppb→100 ppb)

• Muon g-2 Collaboration

- >200 collaborators, 35 institutes, 7 
nations

- Particle, Nuclear, Atomic, Optical, 
Accelerator, Theory

- Experienced BNL E821 veterans, and lots 
of new young (and some old…) talent



Measuring ωa
The number of high momentum 
positrons above a fixed energy 
threshold oscillates at precession 
frequency

Simply measure the time and energy 
of decay positrons and count the 
number above an energy threshold
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Muon 
precession 
frequency 
measurement

• What data looks like if g-2 = 0 • What data looks like if g-2 = 0.002

t(ms)

2p

wa

# high energy 
positrons versus 

time

momentum
spin
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Calorimeters

μ+

24 Calorimeters
Each crystal array of 6 x 9 PbF2

crystals - 2.5 x 2.5 cm2 x 14 cm 
(15X0)

Readout by SiPMs to 800 MHz 
WFDs (1296 channels in total)

Themis Bowcock
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The e+ time histograms are prepared with 
exquisite gain (energy) control

1296 PbF2 crystals with individual laser calibrations into each channel

Inside the our laser hut, developed by our  
Pisa Optical Institute collaborators

Laser gain stability to 10-4

Spectrum before 
pileup removal

Spectrum after 
PU removal

They also require pileup removal to 
avoid an important systematic
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Tracking Detectors

μ+

2 Tracking stations
Each contain 8 modules

128 gas filled straws in each module

Traceback positrons to their decay point
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Trackers
Doublet layers of 5µm 
diameter, 15µm wall 

thickness straws with UV 
layers at 7.5 degrees stereo 

angles

Located in front of two 
calorimeters at ~180 degrees 

and ~270 degrees.

125 µm hit resolution and sub 
mm resolution on beam location
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Drive around inside the ring …

You can spot …

1) Quads
2) Kicker
3) Straw Trackers
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Spoiler Alert!!

• The biggest uncertainty is the 
statistics !!!

• There are corrections (known) 
and will reduce in future
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Fitting Wiggle (5 param) 

Wiggle plot is fit to exponential decay 
and anomalous precession oscillation

Try simple 5-parameter fit: 

𝑁 𝑡 = 𝑁0𝑒
−𝑡/𝜏𝜇 1 + 𝐴cos 𝜔𝑎𝑡 + 𝜙0

• Simple model is missing several 
effects

• Radial and vertical beam motions                                                                                             
(e.g. Coherent Betatron Oscillations, 
or CBO)

• Early-to-late slow effects (e.g.
Pileup, Muon Losses)

27

Τ𝜒2 ndf = 9500/4150

Pileup, muon losses

𝑎𝜇 ∝
𝜔𝑎
𝑚 1 + 𝐶𝑒 + 𝐶𝑝 + 𝐶𝑚𝑙 + 𝐶𝑝𝑎

𝜔𝑝 𝑥, 𝑦, 𝜙 × 𝑀 𝑥, 𝑦, 𝜙 1 + 𝐵𝑘 + 𝐵𝑞

Themis Bowcock

Could just do with CBO! (Just with tracker correction)



Fitting Wiggle (21 param)

𝑎𝜇 ∝
𝜔𝑎
𝑚 1 + 𝐶𝑒 + 𝐶𝑝 + 𝐶𝑚𝑙 + 𝐶𝑝𝑎

𝜔𝑝 𝑥, 𝑦, 𝜙 × 𝑀 𝑥, 𝑦, 𝜙 1 + 𝐵𝑘 + 𝐵𝑞

Now try a more complex 21-
parameter fit with terms covering 
each of those effects.

With this fit quality, the (blinded) 
fitted ωa is ready 

Residuals consistent with 0
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Proportionality

𝑎𝜇 ∝
𝜔𝑎
𝑚 1 + 𝐶𝑒 + 𝐶𝑝 + 𝐶𝑚𝑙 + 𝐶𝑝𝑎

𝜔𝑝 𝑥, 𝑦, 𝜙 × 𝑀 𝑥, 𝑦, 𝜙 1 + 𝐵𝑘 + 𝐵𝑞
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Correction: E field

𝑎𝜇 ∝
𝜔𝑎
𝑚 1 + 𝐶𝑒 + 𝐶𝑝 + 𝐶𝑚𝑙 + 𝐶𝑝𝑎

𝜔𝑝 𝑥, 𝑦, 𝜙 × 𝑀 𝑥, 𝑦, 𝜙 1 + 𝐵𝑘 + 𝐵𝑞

𝑪𝒆 = 𝟒𝟖𝟗 𝐩𝐩𝐛
𝜹𝑪𝒆 = 𝟓𝟑 𝐩𝐩𝐛

Electric field correction compensates for motional magnetic 
field “(v x E)” for off-momentum muons 

Themis Bowcock 30

Momentum time dependence, kick of early muons v 
late. Being improved. Use trackers early v late.



Correction: E field

𝑎𝜇 ∝
𝜔𝑎
𝑚 1 + 𝐶𝑒 + 𝐶𝑝 + 𝐶𝑚𝑙 + 𝐶𝑝𝑎

𝜔𝑝 𝑥, 𝑦, 𝜙 × 𝑀 𝑥, 𝑦, 𝜙 1 + 𝐵𝑘 + 𝐵𝑞

• ~0.1% spread in momentum in the ring
• <R> of stored muons depends on p
• Fourier analysis to determine equilibrium 

positions

𝑪𝒆 = 𝟒𝟖𝟗 𝐩𝐩𝐛
𝜹𝑪𝒆 = 𝟓𝟑 𝐩𝐩𝐛
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Path difference beats the 
velocity

Tends to kill the CBO



Correction: Pitch

𝑎𝜇 ∝
𝜔𝑎
𝑚 1 + 𝐶𝑒 + 𝐶𝑝 + 𝐶𝑚𝑙 + 𝐶𝑝𝑎

𝜔𝑝 𝑥, 𝑦, 𝜙 × 𝑀 𝑥, 𝑦, 𝜙 1 + 𝐵𝑘 + 𝐵𝑞

• Component of momentum parallel to 
field due to focusing

• Effectively reduces B field
• Use tracking detectors to measure the 

vertical width of the beam

𝑪𝒑 = 𝟏𝟖𝟎 𝐩𝐩𝐛

𝜹𝑪𝒑 = 𝟏𝟑 𝐩𝐩𝐛
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Correction: Muon Loss

𝑎𝜇 ∝
𝜔𝑎
𝑚 1 + 𝐶𝑒 + 𝐶𝑝 + 𝐶𝑚𝑙 + 𝐶𝑝𝑎

𝜔𝑝 𝑥, 𝑦, 𝜙 × 𝑀 𝑥, 𝑦, 𝜙 1 + 𝐵𝑘 + 𝐵𝑞

𝑪𝒑 = −𝟏𝟏 𝐩𝐩𝐛

𝜹𝑪𝒑 = 𝟓 𝐩𝐩𝐛

Lost muons have a                                                                                                            
different phase than                                                                                                         
the muons that remain
Phase and loss are                                                                                                           
momentum dependent 
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Correction: Phase Acceptance

𝑎𝜇 ∝
𝜔𝑎
𝑚 1 + 𝐶𝑒 + 𝐶𝑝 + 𝐶𝑚𝑙 + 𝐶𝑝𝑎

𝜔𝑝 𝑥, 𝑦, 𝜙 × 𝑀 𝑥, 𝑦, 𝜙 1 + 𝐵𝑘 + 𝐵𝑞

cos(wat +f)

Phase between the muon spin and 
momentum

Phase advance between decay time 
and detection time due to path length

If the beam is moving, this phase 
advance is changing

𝑪𝒑𝒂 = −𝟏𝟓𝟖 𝐩𝐩𝐛

𝜹𝑪𝒑𝒂 = 𝟕𝟓 𝐩𝐩𝐛

Themis Bowcock 34



Correction: Phase Acceptance

𝑎𝜇 ∝
𝜔𝑎
𝑚 1 + 𝐶𝑒 + 𝐶𝑝 + 𝐶𝑚𝑙 + 𝐶𝑝𝑎

𝜔𝑝 𝑥, 𝑦, 𝜙 × 𝑀 𝑥, 𝑦, 𝜙 1 + 𝐵𝑘 + 𝐵𝑞

∆𝜔𝑎

𝜔𝑎
= −164 ± 80 𝑝𝑝𝑏

For final run period:
Phase at calorimeter depending 

on muon decay point

Vertical decay position Horizontal decay position

𝑪𝒑𝒂 = −𝟏𝟓𝟖 𝐩𝐩𝐛

𝜹𝑪𝒑𝒂 = 𝟕𝟓 𝐩𝐩𝐛

Themis Bowcock 35

Beam currently reduces in size (optics now 
fixed), 𝑪𝒑𝒂 will reduce.



Field Measurement

𝑎𝜇 ∝
𝜔𝑎
𝑚 1 + 𝐶𝑒 + 𝐶𝑝 + 𝐶𝑚𝑙 + 𝐶𝑝𝑎

𝜔𝑝 𝑥, 𝑦, 𝜙 × 𝑀 𝑥, 𝑦, 𝜙 1 + 𝐵𝑘 + 𝐵𝑞

𝜹 = 𝟓𝟔 𝐩𝐩𝐛
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Weighted Field  - NMR

𝑎𝜇 ∝
𝜔𝑎
𝑚 1 + 𝐶𝑒 + 𝐶𝑝 + 𝐶𝑚𝑙 + 𝐶𝑝𝑎

𝜔𝑝 𝑥, 𝑦, 𝜙 × 𝑀 𝑥, 𝑦, 𝜙 1 + 𝐵𝑘 + 𝐵𝑞

𝜹 = 𝟓𝟔 𝐩𝐩𝐛

Themis Bowcock 37

Under kicked 
optics 𝜹 will 
reduce



Correction: Kicker Transients 

𝑎𝜇 ∝
𝜔𝑎
𝑚 1 + 𝐶𝑒 + 𝐶𝑝 + 𝐶𝑚𝑙 + 𝐶𝑝𝑎

𝜔𝑝 𝑥, 𝑦, 𝜙 × 𝑀 𝑥, 𝑦, 𝜙 1 + 𝐵𝑘 + 𝐵𝑞

Eddy Currents When Kicker Fire 
Produce magnetic fields (30ppb)
Kicker performance 

𝑩𝒌 = −𝟐𝟕 𝐩𝐩𝐛
𝜹𝑩𝒌 = 𝟑𝟕 𝐩𝐩𝐛
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Correction: Quadrupole Transients

𝑎𝜇 ∝
𝜔𝑎
𝑚 1 + 𝐶𝑒 + 𝐶𝑝 + 𝐶𝑚𝑙 + 𝐶𝑝𝑎

𝜔𝑝 𝑥, 𝑦, 𝜙 × 𝑀 𝑥, 𝑦, 𝜙 1 + 𝐵𝑘 + 𝐵𝑞

ESQ mechanical vibrations give rise to B fields

Optics modified. 𝜹𝑩𝒒 will reduce with more

data.

𝑩𝒒 = −𝟏𝟕 𝐩𝐩𝐛

𝜹𝑩𝒒 = 𝟗𝟐 𝐩𝐩𝐛
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Correcting Final Value

𝑎𝜇 ∝
𝜔𝑎
𝑚 1 + 𝐶𝑒 + 𝐶𝑝 + 𝐶𝑚𝑙 + 𝐶𝑝𝑎

𝜔𝑝 𝑥, 𝑦, 𝜙 × 𝑀 𝑥, 𝑦, 𝜙 1 + 𝐵𝑘 + 𝐵𝑞
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Run 1 Results
gm(Theory Initiative) = 2.00233183620(86)

gm(BNL + Fermilab) = 2.00233184122(82)

Themis Bowcock 41



More Data
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Interpretation and 
Theory
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SM theory  vs.  
Experiment 
• SM theory  vs.  Experiment 

• If the two don’t match, something may be 
missing in the SM

• Precision measurements  + precision 
theory

• Discovery potential for New Physics

• Need for consolidated & reliable SM 
prediction 

Chris Polly: ``monsters lurking’’
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SM 2020’ 
prediction 
from the TI 
White Paper

➤ Uncertainty completely dominated by hadronic contributions
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A. El-Khadra JETP 07 April 2021

Muon g-2: Hadronic Corrections

!9

hadronic structure (inside bubbles) governed by the strong 

interactions (Quantum Chromodynamics - QCD) 

Difficult to calculate directly!  

cannot use perturbation theory (as for QED, EW)  

effects depend on the (virtual) photon momenta  

contribution to !  is obtained by integrating over all possible virtual photon 

momenta.                         

aμ

aμ hadronic : non-perturbative, the limiting factor 
of the SM prediction    

• Q:  What’s in the hadronic  (Vacuum Polarisation &  
Light-by-Light scattering)  blobs?

• A:  Anything `hadronic’ the virtual photons couple to, 
i.e. quarks + gluons + photons

• But:  low q2 photons dominate loop integral(s)  
cannot calculate blobs with perturbation theory

• Two very different strategies:
• use wealth of hadronic data, `data-driven dispersive 

methods’ (more details for VP later):
• data combination from many experiments, radiative 

corrections required
• simulate the strong interaction (+photons) w. discretised

Euclidean space-time, `lattice QCD’:
• finite size, finite lattice spacing, artifacts from lattice actions, 

QCD + QED needed
• numerical Monte Carlo methods require large computer 

resources
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aμ
HVP :  Landscape of σhad(s) data &  most important 𝛑+𝛑- channel
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Data Driven 
(KNT)

• Combination of >30 data sets, >1000 points, 
contributing >70% of total HVP

• Precise measurements from 6 independent 
experiments with different systematics and 
different radiative corrections

• Data sets from Radiative Return dominate

• Some tensions in data accounted for by local 
𝛘2

min inflation and via WP merging 
procedure 
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What about that new Lattice result?
• The BMW collaboration’s result is the first of its kind at sub-percent precision;  it is compared to decades of expt. results

• We look forward to continued efforts by all lattice groups as we require the SM precision to increase over time
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What about that 
new Lattice result?
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HVP:  Connection between 
g-2 and Δα(MZ

2)

• Precision observable α(MZ
2) = α/(1-

Δα(MZ
2)) as a sensitive test of HVP

• content by Massimo Passera
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HVP:  
Connection 
between g-2 
and Δα(MZ

2)

• Marciano, Passera, Sirlin (2008):
• changing the hadronic cross section at higher energies 

significantly upwards leads to tensions in EW precision fits of 
the SM.

• not easy to reconcile g-2 without running into problems with 
Δα(MZ

2)

• Crivellin et al, PRL125(2020)9,091801:  

• shifts in HVP make fit based on HEPFitter worse, but they can 
not rule out shifts at low energies as obtained  by the BMW 
lattice analysis

• Keshavarzi et al, PRD102(2020)3,033002: 

• updating Marciano et al, again find significant  tensions with 
Gfitter if shifts in HVP were to explain g-2, unless they are 
below ~0.7 GeV

• However, the low energies hadronic cross section 
measurements (mainly 2pi) are most precise there.
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What do TI think?

• Expect another major update once 
results are available from the VEP2000 
experiments and the flavor factories and 
when the BMW lattice result is confirmed

• After a ton of work by a ton of people, 
the QCD contribution and all other SM 
contributions are mainly unchanged!
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BSM Implications



Electron g-2
Does not (so obviously) show a discrepancy 

Can we see LFUV elsewhere????
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Cross-check
JPARC
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Wider Context

Based on slides by Andreas Crivellin
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Physics 
Beyond the 
Standard 
Model

• Dark Matter existence 
established at 
cosmological scales

• Neutrinos not exactly 
massless

• Right-handed 
(sterile) neutrinos

• Matter anti-matter 
asymmetry

• Additional CP 
violating interactions

• The SM must be 
extended!    
What is the underlying 
fundamental theory?

SM

Dark Matter

Dark Energy
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Lepton Flavour 
Violation in B decays?

• Theoretically absolutely clean observable (in the SM)

R(K*) = B→K*μ+μ-/B→K*e+e-R(K) = B→Kμ+μ-/B→Ke+e-
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Global Fit to b→sμ+μ-

Data

• Perform global model independent fit to 
include all observables (≈150)

• Several NP hypothesis 
give a good fit to data
significantly preferred 
over the SM
hypothesis

• Fit is 5-6 σ better than the SM
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τ→μνν

• Ratios of leptonic tau decays

≈2σ hint for LFUV in tau decays
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Cabibbo Angle Anomaly

• Vud from 

super-allowed

beta decays 

• Vus from 

Kaon and 

tau decays

• Disagreement

leads to a 

(apparent) violation of CKM unitarity

( )2 2 2 0.9985 0.0005 PDGud us ubV V V+ + = 

CMS, SGPR: 
radiative corrections 

≈3σ hint for LFUV in the charged current
Page 62
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From LHCb (P. 
Koppenberg)
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Hints for New Physics

Page 64
Andreas Crivellin

LFUV

τ→μνν
≈2σ

CAA
≈3σ

b→sµµ
>5σ

b→dµµ
b→uτν

1-2σ

b→cτν
>3σ

aµ

>3σ

pp→e+e-

≈2σ



Conclusions
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Z’

Andreas Crivellin

new 
scalars/

fermions

R(D(*)) aμ

W’

R(Vus) b→sμμ

Lepto-
quarks

SU(2) triplet

•Flavour Anomalies require NP at the TeV scale



And … finally

Muon g−2 Anomaly and Neutrino Magnetic 
Moments 

Authors: K. S. Babu, Sudip Jana, Manfred 
Lindner, Vishnu P. K

Abstract: We show that a unified framework 
based on an SU(2)H horizontal symmetry 
which generates a naturally large neutrino 
transition magnetic moment and explains 
the XENON1T electron recoil excess

also predicts a positive shift in the muon 
anomalous magnetic moment. This shift is 
of the right magnitude to be consistent 
wit… ▽ More 
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Flavour 
Violating Low 
mass Z’ More 
neutrinos

Evading the LHC?!!!
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New Experiments
To check g-2 or investigate leptons
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HVP from electron-
muon scattering in 
the space-like regime

Eerrors biggest towards x=1
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Ramsey                                Purcell

P changes sign of EDM but not spin. 

System under P or T is not 
symmetric with respect to the 
initial system

T reversal changes spin 
but not EDM

Having CPT symmetry, the combined symmetry 

CP is violated

SM value for electron/muon CP/EDM v. small

Baryon Asymmetry of the Universe needs more 
than CKM

Electric Dipole Moments

EDM of non-composite particle aligned with spin

EDMs arising from the CKM-matrix vanish up 
to three loops for the electron (Bernreuther
and Suzuki, 1991)
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electron

2010 2020

muon

electron

proton

neutron

After J.M.Pendlebury and E.A. Hinds, NIMA 440 (2000) 471

“Desert” without LHC 
natural BSM Physics

Non-zero lepton EDMs in 
“proximate regime” strong 
evidence for BSM 

nucleons

electrons
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Need to 
measure 
Muon EDM

• muEDM Proposal (2021, PSI)

• In past eEDM scaled to 
muEDM by ratio of masses 
(squared). Only results less 
than 10-27 ecm thought 
“useful”. (LFU, MFV etc.)

• New results from LHCb, g-2, 
and lack of naturalness 
challenges these assumptions

• “While some of the parameter 
space for dμ favored by aμ

could be tested at the (g−2)μ

experiments at Fermilab and J-
PARC, a dedicated muon EDM 
experiment at PSI would be 
able to probe most of this 
region” (Crivellin, Hoferichter
arXiv:1905.03789

g-2, FNAL

MuEDM, PSI

Favoured 
band
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.

1 e.cm   Sun Radius
10-23 e.cm  1000 fm

Extreme
Sensitivity
Precision
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Can also measure the Muon 
EDM at g-2

• Causes an increase in muon precession frequency

• Precession plane tilts towards center of ring

• Vertical oscillation is 90o out of phase with the am 

oscillation

Sussex: 15/04/2021: 74



EDM Projected Limits

Had BNL had enough 
tracking statistics would 
have set:

|dμ| ≈ 2 × 10-20 e.cm

With σ|Br| = 10ppm FNAL 
can improve the EDM 
limit: 

|dμ|≈ 3.0 × 10-21 e.cm

Target of σ|Br| = 1ppm is 
difficult, and requires new 
dedicated Br apparatus

Would improve E989 the 
limit:

|dμ|≈ 1.9 × 10-21 e.cm

Current worlds best limit is from BNL: |dμ| > 1.9 ×
10-20 e.cm



Lepton 
Flavour 
Violation

• Mu2e @ FNAL • Mu3e @ PSI
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Summary • g-2 indicates strong 
evidence for non SM 
behaviour of magnetic 
moment

• If confirmed this will be 
in contrast to electron

• There is evidence of LFUV in 
flavour experiments

• Together is this over 5 
sigma?

• Many phenomena remain to 
explained and need BSM 

• Theory requires continued 
searches at LHC and 
beyond

• No obvious “elegant” 
solution

• New Generations of 
Lepton Experiments are 
being planned 
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