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 For spin 1/2 particle, the magnetic moment y .,

IS
Hor =IX=gQ§ L
2m

* Dirac’s equation in the non-relativistic limit
predicts g=2

 The Lamb Shift experiment (1947) revealed that
g Is slightly greater than 2!

( g — 2) Figure 1: Classical representation of

. Anomalous magnetic moment: ¢ = ——— the magnetic moment, x ..., of a spin
2 1/2 particle.
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 Schwinger, Tomonaga, Feynman and others started developing Quantum
Electrodynamics (QED).

 Feynman developed his diagramatic method that simplified super-complicated
calculations of QED.

» Schwinger, obtained the first order correction (1-loop).

a) b)

Figure 2: Feynman diagram representing the magnetic moment of a spin 1/2
particle at tree level (a) and next leading order (NLO) (b).
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* The total anomaly (taking into account the Standard Model) can be written as

_ OED EW hadron
a,=a;, " rta, Ta,
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T WP) " SM: ete- HVP World Average
a,""") = 116591810(43) x 107! [37] ot (2022)
[ —
a/jxp-<2023> = 116592059(22) x 10~11[39] e o el 20
O
DISCREPANCY OF >50 v SM:ete-HVP
approximate using only CMD-3
data below 1 GeV

* |s this a window to new physics (BSM) 175 160 185 190 195 200 205 210

or do we need more theoretical a,x10° - 1165900
precisign? Figure 3: The present discrepancy between experimental

results and the SM prediction for the a, [38].
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Born-Infeld Theory

 The Born-Infeld lagrangian [48] incorporates non linearities

1 1 .
N2 U U\2

N2 1 I N2 4
FI? 4 —(F, F™) + O(114%

= 1F FH : I
—_ — — B (Iu]/ Sﬁz

4" 3232

* In the limit / — o0, we recover the kinetic term of the ordinary
Maxwell Lagrangian.

o [ﬁ] =M2
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Born-Infeld: implications to the g-2

* At 3rd order: LbL extra contribution to the g-2.
* At 4th order: 13 LbL extra contributions to the g-2.

O(a) O(a*)
Figure 4. Light-by-light Born-Infeld Figure 5. Light-by-light Born-Infeld contribution to the
contribution to the anomalous magnetic anomalous magnetic moment of the muon at order O(a?).

moment of the muon at order O(a?).
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Figure 6: The Born-Infeld parameter,\/f = M, as a
i ] function of the cutoff. The orange color represents
1000 - - that the combination of values for (1/f, A) fulffill the
i restriction of aﬂLbyL;BI lying within the range
N, L 3.83076 x 107° to 3.80807 x 10~
100 200 300 400 500
N\ [GeV]
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a) Cut off A ranging from 20 to 120 GeV.

b) Cut off A ranging from 200 to 400 GeV.

Figure 7. Comparison of QED Born-Infeld scale \/B limits fro \(\sqgrt{\beta}\) m literature [54] ,[55] and [56] and our results.

Cross-Colilserola PhD Meeting Anomalous Photon Self-Couplings in Born-Infeld Theory: Implicati.

13



Thank you!

Contact information: Balma.duch@autonoma.cat

Cross-Collserola PhD Meeting Anomalous Photon Self-Couplings in Born-Infeld Theory: Implicati.

14



References O

6. References

Cross-Collserola PhD Meeting Anomalous Photon Self-Couplings in Born-Infeld Theory: Implicati.

15



1]

28]

[37]

[38]

[39]

References O

References

W. Bennett et al. Final report of the e821 muon anomalous

magnetic moment measurement at bnl. Phys- ical Review
D, 73(7), April 2006.

Friedrich Jegerlehner. The Anomalous Magnetic Moment
of the Muon. Springer Tracts Mod. Phys., 274:1-693,
2017.

Eigo Shintani and Yoshinobu Kuramashi. Study of sys-
tematic uncertainties in hadronic vacuum polarization
contribution to muon g — 2 with 2+1 flavor lattice QCD.
Phys. Rev., D100(3):034517, 2019.

B. Abi et al. Measurement of the positive muon anoma-
lous magnetic moment to 0.46 ppm. Physical Review
Letters, 126(14), April 2021.

D.P.. Aguillard et al. Measurement of the positive muon
anomalous magnetic moment to 0.20 ppm. Physical Re-
view Letters, 131(16), October 2023.

[48] Mavromatos N.E. Roloff P. et al. Ellis, J. Light-by-light
scattering at future colliders. Eur. Phys. J. C 82, 634
(2022). The European Physical Journal C, 82(634), 2022.

[54] John Ellis, Nick E. Mavromatos, and Tevong You.Light-by-
light scattering constraint on born-infeld theory. Physical
Review Letters, 118(26), June 2017.

[55] P. De Fabritiis, P.C. Malta, and J.A. Helayél-Neto. Phe-
nomenology of a born-infeld extension of the u(1) sector at
lepton colliders. Physical Review D, 105(1), January 2022.

[96] A. Tumasyan et. al. First search for exclusive
diphotonproduction at high mass with tagged protons in

proton-proton collisions at \/E = 13 TeV.. Physical
Review Letters,129(1), June 2022.

Cross-Colilserola PhD Meeting Anomalous Photon Self-Couplings in Born-Infeld Theory: Implicati. 16



