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Muon Magnhetic Moment
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Current Status of muon (g-2)

11659 SM
11 — Brookhaven __ P
10 aﬂ {11659 EXp result
F jlab
resut —— 8

l < 4.2 sigma >

— SM _ -11 & t @
Aaﬂ - aﬂexp o al‘ =251 (5 9) X 10 Standard Model Experiment
Prediction Average

175 180 185 190 195 200 205 210 215
g
a,x 10" - 1165900

Fermilab Muon g-2 Collaboration, B. Abi et al. (2021)



Possible Explanations in different contexts
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Observation of Excess Electron Recoil Events in XENON1T
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Observation of Excess Electron Recoil Events in XENON1T
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Observation of Excess Electron Recoil Events in XENON1T
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Possible Explanations in different contexts..
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Neutrino Magnetic Moment and XENON1T
electron recoll excess
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The excess in electron recoil events observed by
XENONIT collaboration may be explained by solar
neutrinos which have nonzero magnetic moments.
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This excess can be explained by neutrino transition
magnetic moment with values

0 € (1.65 — 3.42) x 102 g
o

Babu, Jana, Lindner (2020)




Neutrino Magnetic Moment- Mass Conundrum

In the absence of additional symmetries (and without severe fine-tuning), generating a neutrino magnetic moment of
order 10! g will also induce neutrino masses of several orders of magnitude larger than their measured values.

The main reason for this is that the magnetic moment and the mass operators are both chirality flipping, which implies
that by removing the photon line from the loop diagram that induces i, one would generate a neutrino mass term.
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Neutrino Magnetic Moment- Mass Conundrum

To decouple the neutrino magnetic moment from its mass, one need introduce additional symmetries:

154 r % r [:: j L/

/ A. Spin Symmetry Mechanism: Barr, Friere and Zee (1990)

Recently, it has been shown that in this context one can achieve neutrino transition magnetic moment as big as
3 x 10712 ug, which is not sufficient to explain the observed XENONLAT electron recoil excess.

Babu, Jana, Lindner (2020)
B. Horizontal Symmetry:
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SU(2), Symmetry for Enhanced Neutrino
Magnetic Moment

: A
“» Even though the neutrino mass operator and the magnetic moment operator both are chirality flipping, there is
one important difference in their Lorentz structures.
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“» The mass operator, being a Lorentz scalar, is symmetric, while the magnetic moment, being a Lorentz tensor
operator is antisymmetric in the two fermion fields.
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“* A horizontal symmetry SU(2),, acting on the electron and the muon families, under which only neutrino magnetic
moment interaction is invariant can serve the purpose.
/
“» This allows a nonzero transition magnetic moment, while neutrino mass terms are forbidden.
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SU(2),, Extension of the Zee model

{ Leptons of the Standard Model transform under SU(2), x U(1), x SU(2), as follows: J
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SU(2),, Extension of the Zee model

{Yukawa Lagrangian of the model: J
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[Relevant scalar potential terms:
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Neutrino Magnetic Moment

*¢ The Lagrangian of this model does not respect lepton number. This allows a nonzero neutrino
transition magnetic moment, while the neutrino mass terms are forbidden.
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\
% In the SU(2), symmetric limit, the two diagrams add for neutrino magnetic moment, while they cancel
for neutrino mass.




Neutrino Magnetic Moment

\\
% In the SU(2), symmetric limit, the two diagrams add for neutrino magnetic moment, while they cancel
for neutrino mass.




Neutrino Magnetic Moment
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Neutrino Magnhetic Moment == Muon Magnetic Moment
Babu, Jana, Lindner, VPK (2021)
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In this setup, there is a direct correlation between the neutrino magnetic moment and muon g-2. J

N
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The neutral scalar partners of the charged states that contribute to the neutrino magnetic moment, would
leads muon g-2.




Muon Anomalous Magnetic Moment
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Muon Anomalous Magnetic Moment

N
However, the charged scalars also contribute the muon anomalous magnetic moment. Moreover, these
loop corrections contribute negatively to the Aa,,.
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The Yukawa coupling h; is constrained from the induced tau neutrino mass

within the model m,~0.1eV and p,~10"11 ug — |hs| < 1072 i

{The Yukawa coupling f is constrained from the tau lepton universality.




Other Constraints

“* A lower bound on neutral scalar mass is obtained from i
the decay width measurements of the Z gauge boson, B
myo > 45 GeV. :
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LHC Prospects

* The most promising signal of the model is pp —» e"e*t™t*, u u*t"t* at the LHC.
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['1’ At the HL-LHC with an integrated luminosity of 1 ab~1, the neutral scalars of mass up to 400 GeV can be probed. J

Babu, Jana, Lindner, VPK (2021)




Muon Anomalous Magnetic Moment vs Neutrino
Magnetic Moment
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Conclusions

Ve

We have analyzed the new contributions to the muon anomalous magnetic moment in a class of
models based on a horizontal symmetry that generates naturally large transition magnetic moment for
the neutrinos needed to explain the XENONIT electron recoil excess.
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We have shown that in this class models there exist a direct correlation between the muon anomalous
magnetic moment and neutrino transition magnetic moment.

o

We have also shown that the new scalars present in the theory with masses around 100 GeV can yield
the right sign and magnitude for the muon g-2 which has been confirmed recently by the Fermilab
collaboration. Such scalars can also yield large neutrino magnetic moment needed to explain the
XENONIT electron recoil excess.
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B. SU(2),, Symmetric model for
Enhanced Neutrino Magnetic Moment
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Neutrino Magnetic Moment:
From Astrophysics and Cosmology

"The best limit on K, from this argument arises from red giant \
branch of globular clusters, resulting in a limit of

M, <45 %1012 g . y
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Validity of this limit would make the neutrino magnetic

moment interpretation of the XENONLT excess questionable.
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f We note that these indirect constraints from astrophysics may N

be evaded if the plasmon decay to neutrinos is kinematically
forbidden. Y
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There are also cosmological limits arising from big bang

nucleosynthesis.
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However, these limits are less severe, of order 109 . y .
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