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• Where Else to Look
• Additional Analyses 

within Fermilab Muon 
g-2 (EDM, CPT/LV, DM)

• JPARC g-2
• MUonE 
• And beyond…

• Summary

Content inside 
red boxes 
featured at 
Tau2023

Legend:



g-2 Motivation (Tau)
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Monday

• New Physics (NP) can show 
up in the anomalous magnetic 
moment, at 

• m2 enhancement
• Possible additional 

enhancements in Lepton non-
universality models



• Lifetime too short to store / track
• Instead, examining ultra peripheral Pb-Pb collisions, coupling sensitive to at

g-2 Tau Techniques
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Wednesday Wednesday



Event selection
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• ATLAS: Focus on events with muon in 
final state µ +1 track or µ + 3 track • Particle-ID capabilities à enhanced 

sensitivity

• ALICE: electron or muon and charged 
particle track



LHC Run 3 will improve sensitivity to at
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• Current results 
competitive with LEP

• Significant 
improvements coming 
in Run 3 analyses

• From this morning (Chiral 
Belle Upgrades – M. Roney) 
“Approaches the precision 
regime in tau that starts to 
be sensitive to Minimal 
Flavour Violation equivalent 
of muon g-2 anomaly” Wednesday



• Spin ½,  encodes 
information about spin in its 
decay

The muon
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
µ  = g  q

2m

S

Magnetic  Field

•  g= 2 + contributions from virtual particles 



• Spin ½,  encodes 
information about spin in its 
decay

The muon

Dec 8, 2023 B. Kiburg | Wishlist for g-2 at Tau 20258


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•  g= 2 + contributions from virtual particles 



• Spin ½,  encodes 
information about spin in its 
decay

The muon
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
µ  = g  q

2m

S

Magnetic  Field

- + ?       ?

•  g= 2 + contributions from virtual particles 
mµ ~ 207 me ; mµ ~ 0.06 mt 
2.2 µs tµ ~ 8x106 tt
Goldilocks mass and lifetime to 
have sensitivity and store



• aµ is the anomalous magnetic moment (i.e the part that differs from 2)

Muon g-2: Motivation
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
µ  = g  q

2m

S

g =         2               +

aµSM = (gµSM-2)/2 = aµQED + aµEW + aµQCD

g = ++ +

DgQCDDgQED
         + DgEW

 + 

+ ?

+ aµNP

+ DgNP



Determining 𝑎! from experiment
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𝑎!
"#$ =

𝑚𝜔%
𝑒𝐵

Tuesday

Storage ring experiment
• Uniform, precisely measured 

B-field
• Measure muon precession in 

that field
• Weight by how muons 

sample that field in space 
and time



Starting Point: Run-1 Result

*

aμ(Exp) = 0.00 116 592 061(41) [350 ppb] 
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aμ(FNAL; Run-1) = 0.00 116 592 040(54) [463 ppb] 

• 3.7s discrepancy between BNL 
and WP 2020

• 4.2s discrepancy between 
World Average 2021 and WP 
2020

*Muon g – 2 Theory Initiative white 
paper (WP) value

https://doi.org/10.1016/j.physrep.2020
.07.006

Complex 
theory 
situation à 
interpretation 
details later



Run-2/3 Result: FNAL + BNL Combination
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aμ(FNAL) = 0.00 116 592 055(24) [203 ppb] 

aμ(Exp) = 0.00 116 592 059(22) [190 ppb] 

• FNAL combination: 203 ppb 
uncertainty

• Both FNAL and BNL 
dominated by statistical error

• Combined world average 
dominated by FNAL values.

*Muon g – 2 Theory Initiative white 
paper (WP) value

https://doi.org/10.1016/j.physrep.2020
.07.006

*



• Total uncertainty is 215 ppb
Run-2/3 aµ Uncertainties: Final Values

[ppb] Run-1 Run-2/3 Ratio
Stat. 434 201 2.2
Syst. 157 70 2.2
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• Systematics of 70 ppb surpasses 
proposal goal (100 ppb) 

• No dominant uncertainties to attack
• Modest improvements to field & beam dynamics possible

Wishlist : No surprises that cause systematic evaluation to increase



We can rewrite 𝑎! : our observables plus external measurements 
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Determined externally to 25 ppb,
Largest term is  

Quantities FNAL 
g-2 measures

Ken-ichi Sasaki
Wishlist for 2025: Maximize precision on 
inputs



FNAL Muon g-2 Data Summary
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2021 
pub.

2023 pub.

~2024-2025 pub

Wishlist for 2025:
 - Publish Run 4-6 
analysis
- Maintain 
systematic unc. of 
70 ppb
- Reduce total unc. 
by 35% (190 à 120 
ppb)

• Statistical uncertainty should reach <100 ppb, 
the original proposal goal

Ultimate Projected Precision ~ 120 ppb = <100 ppb (stat) ⊕ 70 ppb (syst)
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Theory Initiative (TI)

https://muon-gm2-theory.illinois.edu/



Muon g-2 calculation
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g =         2               +

g = ++ +

O(10-7)QCDO(10-3)QED         + O(10-9)EW    + Value

Uncertainty (ppm)            0.001          ,         0.01         , 0.34 (HVP)& 0.15(HLBL)  

Relative Uncertainty                    ~1% (HVP)   ~20%(HLBL)  



Muon g-2 calculation

Dec 8, 2023 B. Kiburg | Wishlist for g-2 at Tau 202519

g =         2               +

g = ++ +

O(10-7)QCDO(10-3)QED         + O(10-9)EW    + 

• Dominated by hadronic contributions à study those calculations in more detail

Value

Uncertainty (ppm)            0.001          ,         0.01         , 0.34 (HVP)& 0.15(HLBL)  

Relative Uncertainty                    ~1% (HVP)   ~20%(HLBL)  



Dispersive Theory Calculation is Driven by Experimental Input
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R(s) ⌘ �tot(e+e� ! hadrons)

�tot(e+e� ! µ+µ�)

(aHAD,LO
µ ) /

Z 1

4m2
⇡

ds
K(s)

s
R(s)

• Low-energy region dominates

Relates these 
terms

To observable 
processes like

HVP

[A. Keshavarzi et al, arXiv:1802.02995] 



Dispersive Theory Calculation is Driven by Experimental Input
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Many detailed measurements of e+e- à p+ p-

Spectral differences have limited the combination (recall, need percent level precision)
 Evaluations inflate uncertainties to account for the tension à has limited e+/e- prediction 

Wishlist for 2025: Understand spectral differences in e+e- à p+ p- 
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Various Evaluations of 2-pion contributions 
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SND 
Update

New data further clouds interpretation New from CMD-3
arXiv:2302.08834

- Disagrees with others by 
2.5-5 s!
- Common facility w/ SND; 
some detector upgrades
- Analyzer seminar, 
community panels to 
investigate à No smoking 
gun

Wishlist for 2025: 
Understand why 
CMD normalization 
so different 
 

https://arxiv.org/abs/2302.08834


Improved e+/e- Prospects
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08.02.2018 HVP_2018 6 

 e+e-  facilities involved in HVP measurement  

KLOE SND CMD-3 

HVP measurements 

BaBar 

BNL-821 

BELLE-II 

BES-III 

KEDR 

Many machines/exp pushing to improve to sub % precision

SND:
Pub 10% of data.
Full stats analysis 
in prep

BESIII:
Pub: 2.9/fb 
Data: 17.1 /fb
2024

KLOE: 7x larger 
data set on 
tape.
Blinded analysis

CMD-3: 
continues to 
investigate 
differences 

BELLE-II:
362 /fb on 
tape à 
publish 2025

BaBar:
New analysis, 
full data set in 
2024

Wishlist for 2025: Use larger e+e- data sets to study tensions 
 



Understanding NNLO ISR corrections in e+/e- data from BaBar
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Friday



Tau Data inputs to aµHVP
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Friday

LEP and b-factories provide high-statistic tau decay samples
Can relate t- à p0 p- n  to e+e- à p+ p-  with difficult isospin corrections



Tau Data inputs to aµHVP
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Tuesday

Highlighted 
challenging isospin 
breaking term



Spectral ratios of st / see show tension
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Need to determine integral of these s to percent-level 
Shape of the isospin-breaking correction shows up in CMD + 
BaBar ratios 

Ratio st / see KLOE & Babar Ratio st / see CMD



Spectral ratios of st / see show tension
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Need to determine integral of these s to percent-level 
Shape of the isospin-breaking correction shows up in CMD + 
BaBar ratios 

Wishlist for 2025: Understand impact of isospin corrections on spectral 
shape above/below rho-omega mixing ... can Lattice QCD weigh in? 

Ratio st / see KLOE & Babar Ratio st / see CMD



Tau Data inputs to aµHVP
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• Landscape of aµHVP  

in flux 
• Lots to understand in 

terms of spectral and 
absolute variations 
in e+ e-, and t data 



Tau Data inputs to aµHVP
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• Landscape of aµHVP  

in flux 
• Lots to understand in 

terms of spectral and 
absolute variations 
in e+ e-, and t data … 
as well as lattice…



aµSM determined using HVP from lattice QCD or dispersive calc
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not yet in WP20 (lat)• In 2020 the first high-
precision lattice QCD 
result came out: BMW

• Showed significant 
tension with e+/e-
evaluation, much closer to 
experiment
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e+ /
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• Provides alternative method of calculating hadronic contributions
• Maps Minkowski spacetime ßà Euclidean space 

Lattice QCD Introduction
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A. El-Khadra P5 town hall, 21-24 Mar 2023

hadrons

e+

e−

      Hadronic Corrections

 X

Two different, independent strategies:  
  

 For HVP: use dispersion relations to rewrite integral in terms of hadronic cross section:   
 
 
  

Many experiments (over 20+ years) have measured the  cross sections for the different 
channels over the needed energy range with increasing precision.  
For HLbL: new dispersive approach

e+e−

➠Im[ ] ∼ | |2
hadrons

 Direct calculation using Euclidean Lattice QCD 

                                      

  
 ab-initio method to quantify QCD effects 
 already used for simple hadronic quantities with high precision 
 requires large-scale computational resources 
 allows for entirely SM theory based evaluations

L 

a 

x 

Approximations:  
  discrete space-time (spacing a) 
  finite spatial volume (L), and time extent (T)  
  …

Integrals are evaluated 
numerically using 
Monte Carlo methods. 

aHVP,LO
µ =

⇣↵
⇡

⌘2
Z

dq2!(q2) ⇧̂(q2)aHVP,LO
µ =

m2
µ

12⇡3

Z
ds

K̂(s)

s
�exp(s)

A. El-Khadra P5 town hall, 21-24 Mar 2023  X

adjustable parameters 

lattice spacing:  

finite volume, time:    

quark masses (mf): 
tune using hadron masses  
extrapolations/interpolations

Lattice QCD Introduction

L 

a 

x 

discrete Euclidean space-time (spacing a) 
derivatives ➙ difference operators, etc… 
finite spatial volume (L) 
finite time extent (T) 

LQCD =
X

f

 ̄f (D/+mf ) f +
1

4
trFµ⌫F

µ⌫

a ➙ 0

L ➙ ∞, T > L

MH,lat = MH,exp

mf ➙ mf,phys mud ms mc mb

Integrals are evaluated 
numerically using monte 

carlo methods. 

a (fm) 

L 
a (fm) 

L 

FIG. 6. Distribution of four-flavor QCD gauge-field ensembles used in this work. Ensembles that
are new with respect our previous analysis [23] are indicated with black outlines. Ensembles with
unphysical strange-quark masses are shown as gold disks with orange outlines. The area of each
disk is proportional to the statistical sample size Nconf ⇥ Nsrc. The physical, continuum limit is
located at (a = 0, M⇡ ⇡ 135 MeV).

charm and bottom quarks with controlled discretization errors. Figure 7 shows the range
of valence heavy-quark masses used in our analysis. On the coarsest a ⇡ 0.15 and 0.12 fm
ensembles, we have only two values mh = 0.9m0

c
and m

0
c
; on our finest a ⇡ 0.042 and 0.03 fm

ensembles, however, we have several heavy-quark masses between 0.9m0
c

 mh  5m0
c
,

reaching just above the physical b-quark mass. Second, as discussed in Sec. III, we have
large statistical sample sizes, with about 4,000 samples on most ensembles and large lattice
volumes; the resulting errors on the decay constants range from 0.04% to 1.4%.

Because of the breadth and precision of the data set, it is a challenge to find a theo-
retically well-motivated functional form that is sophisticated enough to describe the whole
data set. We therefore rely on several EFTs to parameterize the dependence of our data
on each of the independent variables just described: Symanzik e↵ective field theory for lat-
tice spacing dependence [37], chiral perturbation theory for light- and strange-quark mass
dependence, and heavy-quark e↵ective theory for the heavy-quark mass dependence. These
EFTs are linked together within heavy-meson rooted all-staggered chiral perturbation the-
ory (HMrAS�PT) [64]. Here we use the one-loop HMrAS�PT expression to describe the
nonanalytic behavior of the interaction between pion (and other pseudo-Goldstone bosons)
and the heavy-light meson, and supplement it with higher-order analytic functions in the
light- and heavy-quark masses and lattice spacing to enable a good correlated fit.

Even with these additional terms, however, the extrapolation a ! 0 and the interpolation
mh ! mb oblige us to restrict the range of amh. In practice, we are able to obtain a good
correlated fit of our data with heavy-quark masses amh  0.9. Note, however, that our final
fit function describes even the data with amh > 0.9 quite well.

20

MILC nf = 2+1+1

Extrapolate:
• Lattice spacing aà0
• Finite volume, time: Là ∞, T>L
• Quark masses, m à physical masses



Different windows in Euclidean time are sensitive to different 
systematics
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Friday

• Systematics vary for different 
windows
– SD à discretization
– LD à finite volume / stats

• Enables comparisons between 
groups in each window

• Short Distance (SD) t: 0 à t0
• Intermediate     (W)   t: t0 à t1 

• Long Distance   (LD) t: t1 à ∞



Intermediate Window Benchmark
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• Contributes 1/3 of the LO HVP 
contribution

• Systematic uncertainties are 
smaller

• Dispersive data can be mapped 
to the Euclidean space

Tuesday



• BY 2023, many groups have results in 
this window with <1% precision

• Several groups include sub-leading 
contributions to aµHVP, all in good 
agreement

• ~4s discrepancy with the r-ratio data
• Explains about 50% of the overall 

discrepancy between BMW and 
dispersive data

• In this window, where the lattice 
systematics are well-controlled, lattice 
QCD predicts significantly larger quark 
contribution to aµ than the e+/e- data 

Status Intermediate window 2023
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Friday



Lattice Wishlist for Tau 2025
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• Understand the 4s discrepancy in the intermediate window 
between lattice QCD & e+e- à p+ p- r-ratio evaluation

• Develop multiple comparisons in the long-distance window
• LD window contributes 2/3 of the total HVP
• Has trickier finite-volume systematics
• Statistically limited

• Achieve multiple, full evaluations of aµHVP 



• A novel approach to determine the leading hadronic contribution via a high-precision shape 
measurement of the differential cross section of 𝜇𝑒 elastic scattering

Additional Experimental handle on HVP: MUonE at CERN 
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• Precision tracking off of target via 
silicon strip detectors

• Correlation between muon and 
electron angle 

• Compute 𝑎!"#$ from 1 experiment
• Final Goal: 3 years of running à 

0.3% precision on 𝑎!"#$ Tuesday



MUonE
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Tuesday

Wishlist for Tau2025
• Full proposal 

developed
• Commissioning run 

(2025) with scaled 
down detector 



JPARC Muon g-2 & EDM
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Tuesday

Novel g-2 approach 
Ideal for pushing Muon EDM 
limits 

Experiment adopts new 
method (different systematics):
• Low-emittance beam 

(cooling+ acceleration)
• Compact storage ring
• Very weak magnetic 

focusing



JPARC Muon g-2 & EDM
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Wishlist for Tau2025:
• Continued ramp up 

of JPARC support
• Progress on the 

muon source, 
cooling, accelerator 
and detectors! 

Tuesday



Searching for NP within Fermilab Muon g-2 (Muon EDM)

Dec 8, 2023 B. Kiburg | Wishlist for g-2 at Tau 202542

• Presence of a muon EDM would tilt precession plane

~!a⌘ = aµ
e

m
~B + ⌘

e

2m

"
~E

c
+ ~� ⇥ ~B

#

<latexit sha1_base64="JjA+B+tanAicuNT0TDLL+3jADE0="></latexit><latexit sha1_base64="JjA+B+tanAicuNT0TDLL+3jADE0="></latexit><latexit sha1_base64="JjA+B+tanAicuNT0TDLL+3jADE0="></latexit><latexit sha1_base64="JjA+B+tanAicuNT0TDLL+3jADE0="></latexit>

• Look for a rotation of muon precession out of the plane, 
oscillating out of phase with the g-2 wiggle. Requires:
• precision pitch angle of decay electron
• Tracker alignment and acceptance 
• Knowledge of vector components of the magnetic field

• Run 1/2/3 analysis nearing completion (still blind)
• Statistical error dominated
• Anticipated sensitivity |dµ| ~ 5 ✕ 10-20 e·cm
• ~4x better than current BNL limit of |dµ| < 1.9 ✕ 10-20 

e·cm
• At least 4x statistics on tape à ~2 ✕ 10-20 e·cm ultimate limitBNL data



Searching for NP within Fermilab Muon g-2 data (CPT/LV)
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• Lorentz-violating extensions (e.g. 
Kostelecký et.al.)to the SM include terms 
with CPT/Lorentz violating signatures for our 
data

• Signals 
– Sidereal oscillation in wa (T = 23hr 56min)
– a(µ+) – a(µ-)
– Global fits to BNL/FNAL

• Improvements/complementarity to BNL
– >20 x statistics w/ reduced systematics
– Longer lever arm (ran for ~36 mos over 6 

years compared to ~9 mos over 3 at 
BNL)

– Different latitude
• Expecting > 4x improvement 

https://arxiv.org/abs/hep-ph/9809521v1


Searching for NP within Fermilab Muon g-2 data (Dark Matter)
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• Coherent DM interactions can exert a spin 
torque and cause an oscillation in aµ or the 
EDM signal

• Similar to sidereal variation analysis but the 
period now depends on the mDM

• Stacked plots are sensitive to overall shift in wa, 
but time-resolved analysis needed for ultimate 
sensitivity

Pseudoscalar example
• Precision analyses underway of aµ vs time

 (t=100ms à 5 years) 



Wishlist Summary for Tau 2025
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• Muon g-2 Experiment
• Publish Run 4-6 analysis
• Maintain systematic uncertainty of 70 ppb (No suprises!)
• Reduce total uncertainty on aµexp by 35% (190  ppbà 120 ppb)
• Publish companion EDM + CPT/LV & DM searches

• MUonE 
• Complete a fully developed proposal for physics run after long shutdown
• Achieve first commissioning run (2025) w/ scaled down detector 

• JPARC g-2 / EDM effort
• Develop novel experimental method to determine aµ with          

different systematic effects
• Achieved demonstration of mature muon source, cooling, acceleration with 

launch of detector production



Wishlist Summary for Tau 2025
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• Theory
• Understand spectral differences in e+e- à p+ p- 
• Understand why CMD-3 normalization so different from KLOE/BaBar/CMD-2
• Update results from KLOE, BABAR, BELLE-II, CMD,… and the corresponding 

dispersive evaluations
• Understand impact of isospin corrections on spectral shape of t data above 

and below the rho-omega mixing: Can lattice QCD weigh in and provide 
model-independent calculations for the isospin corrections?

• Understand the 4s discrepancy in the intermediate window between lattice 
QCD & e+e- à p+ p- r-ratio evaluation

• Develop multiple comparisons in the long-distance window, which 
contributes 2/3 of the total HVP, as well as full evaluations

• Utilize blinding methods whenever possible to reduce unintentional biases
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• This difficult problem previously caused quite some stress!
• HLBL has smaller contribution that HVP, but relative uncertainty is larger
• After some excellent work in the last 5 years, multiple current HLbL lattice results 

and dispersive approaches are compatible with uncertainties ~20% . 
• Corresponds to 0.15 ppm uncertainty on aµ
• TI Outlook: We expect that ongoing work on both approaches will yield reduced 

uncertainties in 2024-2025, down to the 10% level.

Hadronic Light by Light
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A. El-Khadra P5 town hall, 21-24 Mar 2023

Hadronic Light-by-light

 X

µ−(p) µ−(p′)

↓ k = p′ − p

=

π0, η, η′

+ . . .+

π+

+ . . .+
Exchanges of

other resonances

(f0, a1, f2, . . .)

+

q

+ . . .

Dispersive approach: 
[Colangelo at al, 2014; Pauk & Vanderhaegen 2014; …]   

model independent 
significantly more complicated than for HVP 
provides a framework for data-driven evaluations 
can also use lattice results as inputs

Dominant contributions ( of total):≈ 75 %

Well quantified with   uncertainty 
  pole contributions: Canterbury approximants only 
Ongoing work: consolidation of   pole contributions 
using disp. relations and LQCD

≈ 6 %
η, η′ 

η, η′ 

µ−(p) µ−(p′)

↓ k = p′ − p

=

π0, η, η′

+ . . .+

π+

+ . . .+
Exchanges of

other resonances

(f0, a1, f2, . . .)

+

q

+ . . .

µ−(p) µ−(p′)

↓ k = p′ − p

=

π0, η, η′

+ . . .+

π+

+ . . .+
Exchanges of

other resonances

(f0, a1, f2, . . .)

+

q

+ . . .

Subleading contributions ( of total):≈ 25 %

Not yet well known  
➠ dominant contribution to total uncertainty 
Ongoing work: 
- Implementation of short-distance constraints (now at 2-loop) 
- DR implementation for axial vector contributions 
- new   DR program for higher spin intermediate states  

[Luedtke @ Higgscentre workshop with Procura and Stoffer, in progress] 

- Mainz and BESIII ramping up   programs 
[A. Denig and C. Redmer @ Higgscentre workshop]

q4 = 0

γ(*)γ*

Dispersive, data-driven evaluation of HLbL with 
 total uncertainty feasible by ~2025. ≤ 10 %

Wishlist: Converge on HLbL calc. with ~10% rel uncertainty



Recent publication
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Davier et al: arXiv:2312.02053
Note: Similar plots for the intermediate window

https://arxiv.org/abs/2312.02053
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Lepton Universality connections
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Monday

If anomaly persists, potential 
explanation include things like 
U(1)Lµ−Lτ extension of the SM 



• Important to see how story evolves
– Will need to see how other 

windows compares
– There are several tensions within 

the dispersive calculations, within 
lattice and between dispersive and 
lattice contributions for HVP

• Critical to support efforts to 
understand these discrepancies 
and develop a firm theoretical 
calculation

Summary: New Precise Lattice Calculations are 
in tension with Dispersive Calculations for aµ
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• Major exp & 
theory updates 
planned in 2023

• Both exp & 
theory planning 
significant 
updates by 2025

• Open questions 
on theory-theory 
& theory-exp 
anomalies will be 
addressed on 
this timeline

Overall Timeline & Summary
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A. El-Khadra P5 town hall, 21-24 Mar 2023

Near-term Timeline

 X

Theory Initiative:  
ongoing activities: develop method average for Lattice HVP 
CMD-3 seminar (virtual): 27 March 2023 at 8:00am US CDT 
WP update with all available results ~ late 2023

Run 4
Run 5

Result from 
Runs 2&3

?

20
21

20
22

20
23

Final result  
from E989  

?

J-PARC E34FNAL E989

?

Run 1 result 
announced

Physics Reports 887 (2020) 1–166

Contents lists available at ScienceDirect

Physics Reports

journal homepage: www.elsevier.com/locate/physrep

The anomalousmagneticmoment of themuon in the Standard
Model
T. Aoyama 1,2,3, N. Asmussen 4, M. Benayoun 5, J. Bijnens 6, T. Blum 7,8,
M. Bruno 9, I. Caprini 10, C.M. Carloni Calame 11, M. Cè 9,12,13, G. Colangelo 14,⇤,
F. Curciarello 15,16, H. Czyª 17, I. Danilkin 12, M. Davier 18,⇤, C.T.H. Davies 19,
M. Della Morte 20, S.I. Eidelman 21,22,⇤, A.X. El-Khadra 23,24,⇤, A. Gérardin 25,
D. Giusti 26,27, M. Golterman 28, Steven Gottlieb 29, V. Gülpers 30, F. Hagelstein 14,
M. Hayakawa 31,2, G. Herdoíza 32, D.W. Hertzog 33, A. Hoecker 34,
M. Hoferichter 14,35,⇤, B.-L. Hoid 36, R.J. Hudspith 12,13, F. Ignatov 21,
T. Izubuchi 37,8, F. Jegerlehner 38, L. Jin 7,8, A. Keshavarzi 39, T. Kinoshita 40,41,
B. Kubis 36, A. Kupich 21, A. Kup±¢ 42,43, L. Laub 14, C. Lehner 26,37,⇤, L. Lellouch 25,
I. Logashenko 21, B. Malaescu 5, K. Maltman 44,45, M.K. Marinkovi¢ 46,47,
P. Masjuan 48,49, A.S. Meyer 37, H.B. Meyer 12,13, T. Mibe 1,⇤, K. Miura 12,13,3,
S.E. Müller 50, M. Nio 2,51, D. Nomura 52,53, A. Nyffeler 12,⇤, V. Pascalutsa 12,
M. Passera 54, E. Perez del Rio 55, S. Peris 48,49, A. Portelli 30, M. Procura 56,
C.F. Redmer 12, B.L. Roberts 57,⇤, P. Sánchez-Puertas 49, S. Serednyakov 21,
B. Shwartz 21, S. Simula 27, D. Stöckinger 58, H. Stöckinger-Kim 58, P. Stoffer 59,
T. Teubner 60,⇤, R. Van de Water 24, M. Vanderhaeghen 12,13, G. Venanzoni 61,
G. von Hippel 12, H. Wittig 12,13, Z. Zhang 18, M.N. Achasov 21, A. Bashir 62,
N. Cardoso 47, B. Chakraborty 63, E.-H. Chao 12, J. Charles 25, A. Crivellin 64,65,
O. Deineka 12, A. Denig 12,13, C. DeTar 66, C.A. Dominguez 67, A.E. Dorokhov 68,
V.P. Druzhinin 21, G. Eichmann 69,47, M. Fael 70, C.S. Fischer 71, E. Gámiz 72,
Z. Gelzer 23, J.R. Green 9, S. Guellati-Khelifa 73, D. Hatton 19,
N. Hermansson-Truedsson 14, S. Holz 36, B. Hörz 74, M. Knecht 25, J. Koponen 1,
A.S. Kronfeld 24, J. Laiho 75, S. Leupold 42, P.B. Mackenzie 24, W.J. Marciano 37,
C. McNeile 76, D. Mohler 12,13, J. Monnard 14, E.T. Neil 77, A.V. Nesterenko 68,
K. Ottnad 12, V. Pauk 12, A.E. Radzhabov 78, E. de Rafael 25, K. Raya 79, A. Risch 12,
A. Rodríguez-Sánchez 6, P. Roig 80, T. San José 12,13, E.P. Solodov 21, R. Sugar 81,
K. Yu. Todyshev 21, A. Vainshtein 82, A. Vaquero Avilés-Casco 66, E. Weil 71,
J. Wilhelm 12, R. Williams 71, A.S. Zhevlakov 78

1 Institute of Particle and Nuclear Studies, High Energy Accelerator Research Organization (KEK), Tsukuba 305-0801, Japan
2 Nishina Center, RIKEN, Wako 351-0198, Japan
3 Kobayashi–Maskawa Institute for the Origin of Particles and the Universe (KMI), Nagoya University, Nagoya 464-8602, Japan
4 School of Physics and Astronomy, University of Southampton, Southampton SO17 1BJ, United Kingdom
5 LPNHE, Sorbonne Université, Université de Paris, CNRS/IN2P3, Paris, France

⇤ Corresponding authors.
E-mail address: MUON-GM2-THEORY-SC@fnal.gov (G. Colangelo, M. Davier, S.I. Eidelman, A.X. El-Khadra, M. Hoferichter, C. Lehner, T. Mibe, A.

Nyffeler, B.L. Roberts, T. Teubner).

https://doi.org/10.1016/j.physrep.2020.07.006
0370-1573/© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).

Muon g-2 TI 
WP published 

Run 6

Result from 
Run 4&5  

20
25

WP

20
24

TI workshops:   
Jun 2021 @ KEK (virtual) 
Sep 2022 @ Higgscentre 
Sep 2023 @ Bern 
Summer 2024 @ KEK

WP update 

A. El-Khadra’s talk at P5 town hall, March 2023
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A. El-Khadra P5 town hall, 21-24 Mar 2023

Hadronic Corrections: Comparisons
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