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First Muon g-2 Results

Muon g-2: FNAL confirms BNL
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First Muon g-2 Results

Magnetic moments
The muon has an intrinsic magnetic moment that is coupled to its spin 
via the gyromagnetic ratio g:

Magnetic moment (spin) interacts with external B-fields

Makes spin precess at frequency determined by g
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First Muon g-2 Results

Muon g-2 Theory

The Muon g-2 Theory Initiative
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First Muon g-2 Results

Muon g-2 in the SM
● aµ arises due to quantum corrections / higher order interactions / loop contributions 

● All SM particles contribute → Calculate and sum all sectors of the SM:
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First Muon g-2 Results

Muon g-2 in the SM: HLbL

Data-driven (error ~ 0.2 ppm of         )

Lattice (error ~ 0.3 ppm of         )

● Model-independent dispersive evaluation, 
using data (e.g. π, η, η’ TFFs) as input for 
hadronic insertions.

● Model-independent evaluation, computed 
on discretized Euclidean spacetime 
(lattice) in finite volume.

● HLbL scattering - hadronic blob coupled to 3 off-shell/1 on-shell photon.
● Four point function - notoriously difficult to calculate.
● Previously only calculated from models with large systematics.

Recommended Muon g-2 
TI result (before Mainz):

Improved, but still evolving. 
Still systematics dominated 

(goal < 10% uncertainty)
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First Muon g-2 Results

Muon g-2 in the SM: HVP

Data-driven (error ~ 0.3 ppm of         )

Lattice (error ~ 1.6 ppm of          )

● Cross section data consistently combined 
and input into dispersion integral:

● Several groups have achieved this.

Recommended Muon g-2 TI value from 
data-driven result:

● Uncertainties dominated by finite volume, 
discretisation and isospin breaking 
systematics.

● Hadronic Vacuum Polarisation - hadronic blob coupled to 2 photons.
● Two-point function - in principle, much easier than HLbL.
● Most precisely calculated from e+e- → hadrons cross section data.
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Dispersive HVP: theoretical setup
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Building the hadronic R-ratio
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First Muon g-2 Results

Dispersive HVP
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Slide content by Aida El-Khadra.



First Muon g-2 Results

Low energy hadronic cross section

@AlexKeshavarziMuon g-2: Hadronic Contributions 08/11/2021: 11



First Muon g-2 Results

Dispersive HVP from KNT
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ß Major 2018 update to data combination 
methodology and data input.

Results for 𝒂𝝁
had, VP and Δ𝛼had

(#) (𝑀%&).
Phys.Rev.D 97 (2018) 114025.

2019 data update and applications of data à
compilation to other observables.

Results for 𝑎', 𝑎(, 𝑎), Δ𝛼had
(#) (𝑀%&) and  Δ𝜈Mu

had, VP.
Phys.Rev.D 101 (2020) 014029.
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The 𝝅!𝝅" channel Phys.Rev.D 101 (2020) 014029.

𝜋!𝜋" accounts for over 70% of 𝑎#
had, LOVP

à Combines ~30 measurement totalling over 1000 data points

à Correlated & experimentally corrected 𝜎$$(&)( data entirely dominant

𝑎!"
*"+ 0.305 ≤ 𝑠 ≤ 1.937 GeV = 503.46 ± 1.14#$%$ ± 1.52#&# ± 0.05'( ± 0.14)#*

= 503.46 ± 1.91$+$

à 14% local 𝜒min
) /d.o.f. error inflation due to tensions in clustered data
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The 𝝅!𝝅" channel Phys.Rev.D 101 (2020) 014029.

Large difference between KNT vs. BaBar and KLOE vs. BaBar is still evident.

Compared to 𝑎!"
*"+= 503.5 ± 1.9 → 𝑎!"

*"+ (BaBar data only) = 513.2 ± 3.8

Simple weighted average of all data → 𝑎!"
*"+(weighted average) = 509.2 ± 2.9

(i.e. – no correlations in determination of mean value) 
BaBar data dominate when no correlations are accounted for in the mean value.

Ø Highlights the importance of incorporating available correlated uncertainties in fit.



First Muon g-2 Results @AlexKeshavarziMuon g-2: Hadronic Contributions 08/11/2021: 16

Phys.Rev.D 101 (2020) 014029.𝒂𝝁
had, LO VP from KNT

Ø Precision better than 0.4%
(uncertainties include all available 

correlations and 𝜒) inflation)

Ø Clear 𝜋!𝜋" dominance 

KNT18: 𝑎!
had, LOVP = 693.26 ± 2.46$+$

𝑎!
had, LOVP = 693.84 ± 1.19#$%$ ± 1.96#&# ± 0.22'( ± 0.71)#*

= 693.84 ± 2.29,-( ± 0.74*%.
= 692.78 ± 2.42$+$



First Muon g-2 Results @AlexKeshavarziMuon g-2: Hadronic Contributions 08/11/2021: 17

KNT vs. DHMZ: the use of correlations
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Data-driven HVP
First-time agreement between various groups…

Conservative merging to obtain a realistic assessment of the underlying uncertainties: 
• account for differences in results from the same experimental inputs 
• include correlations between systematic errors 

Slide content by Aida El-Khadra.
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Lattice HVP Slide content by Aida El-Khadra.
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Lattice HVP Slide content by Aida El-Khadra.
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Lattice HVP Slide content by Tom Blum.

Lattice, WP – data driven  ≈ 18.5 18.8

HVP (Lattice, WP): aµ = 711.6 (18.4) x 10-10

(2.6%)

HVP (data driven):  aµ = 693.1 (4.0) x 10-10

(0.58%)

HVP (BMW-20): aµ = 707.5 (5.5) x 10-10

(0.75%)

BMW-20 – data driven  ≈ 14.4 (6.8)
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The BMW result Borsanyi et al. Nature 2021

State-of-the-art lattice calculation of 
based on: 
• current-current correlator, summed 

over all distances, integrated in time 
with appropriate kernel function 

• using staggered fermions on an L ∼
6 fm lattice (L ∼ 11fm used for finite 
volume corrections) 

• at (and around) physical quark 
masses 

• including isospin-breaking effects
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Comparing evaluations

Weight functions for window 
quantities to compare lattice with 
lattice, and lattice with data

D. Giusti, talk at Lattice 2021

Comparing ud contributions:
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Lattice HVP status Slide content by Tom Blum.

To reach desired precision (2-5 per-mil):
• Strange, charm, (bottom) contributions in good shape. 

(will not resolve issues)
• FV corrections  (𝐿 > 6 fm) reliable (NNLO 𝜒PT, LLGS, HP).

Important to have a big box (BMW, PACS use L = 10 fm)
• Statistical precision top priority for DW, TM, Wilson (in progress).

Improved bounding method, low-lying states for long distance tail.
• Physical masses 

(most groups already)
• More, more precise disconnected and IB calculations needed.
• Continuum limit and scale setting (per-mil) are crucial.

Looking to the future:
• Careful, step-by-step study of differences between various lattice 

calculations now underway, data driven comparison to follow.
• Continuum limit is main focus now, expect it will shift.
• Lattice needs to build consensus, c.f. data driven approach. Happening 

within Muon g-2 Theory Initiative.
• New results with errors comparable to BMW 2020 soon.



First Muon g-2 Results

Conclusions

• Fermilab’s Muon g-2 Experiment has confirmed BNL’s result: the 
discrepancy between experiment and SM increases to 4.2𝜎.

• All SM contributions other than HVP, including HLbL, now fully cross 
checked and understood to be under control.

• Data-driven HVP dominates theory uncertainty with 0.6% error.
• The BMW lattice QCD result weakens the exp-SM discrepancy. It must be 

confirmed or refuted by cross checks and other lattice calculations.
• Improvements to come: 

- Updated HVP evaluation with new measurements of hadronic cross 
section data.
- HVP comparisons for BMW result and between lattice groups/R-ratio as 
part of theory initiative.
- HLbL uncertainty to reach ~10% .
- New, full SM update from theory initiative before Fermilab’s next result.
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