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Outline

m Introduction: basic facts on neutrino magnetic moments

m “Naturalness bounds”

- Dirac neutrino magnetic moments Quite different
. . .y I
- Majorana neutrino transition moments bounds 1

m  Understanding the difference on the basis of symmetry

- N.F. Bell, VC, M.J. Ramsey-Musolf, P.Vogel, M. Wise, PRL 95 151802, 2005 D
- S. Davidson, M Gorbahn, A. Santamaria PLB 626 151, 2005 M

- N.F. Bell, M. Gorchtein, M.J. Ramsey-Musolf, P.Vogel, P.Wang, PLB 642 377,2006 |\
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Neutrino magnetic moments: facts

m Massive neutrinos have non-zero magnetic moment.
In minimally extended SM

[LB o 4\/571’2 1 eV Marciano-Sanda 77

up = e/(2me)

[ Hy 3Grpm,m, ~ 3 % 1019 [ my, ] } Lee-Shrock ‘77
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Neutrino magnetic moments: facts

m Massive neutrinos have non-zero magnetic moment
In minimally extended SM

Pv _ 3Gpm,m, ~ 3 % 1019 m, Lee-Shrock ‘77
[LB _1\/5 T2 ' 1 eV Marciano-Sanda 77

up = e/(2me)

m Most stringent phenomenological bounds come from:
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" A
Theoretical considerations

vSM astro  ve scattering
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How large a magnetic moment can we expect ?
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" A
Theoretical considerations

m We expect BSM physics to generate u /ug > 101

m Several models can make . /ug >>10"° despite m, < 1 eV
(based on symmetries that are broken by SM interactions)

m SM radiative corrections induce dm, « u, = get
“naturalness” upper bounds on u, by requiring ém, < m,°°s
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" A
Naturalness bounds: Dirac v

m Assume new physics responsible for u, at scale A >v,,

m Work within EFT at E < A that respects SU(2) x U(1) and L
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Naturalness bounds: Dirac v
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Naturalness bounds: Dirac v

m Assume new physics responsible for u, at scale A >v,,

m Work within EFT at E < A that respects SU(2) x U(1) and L
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" A
Naturalness bounds: Dirac v

m Assume new physics responsible for u, at scale A >v,,

m Work within EFT at E < A that respects SU(2) x U(1) and L
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O O(Bfi’)wf — O](é) “mixing”
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“mixing” (matching at scale A)
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0 OB,W — O(j) “mixing” (matching at scale A)
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m Resulting bounds on Dirac v magnetic moment:

c 2
Dim-4 M| < | 15 om,, 1 TeV

Strong dependence on A

Dim-6 ol < o qgm15 o (9T
“mixing” ug 1 eV

Mild logarithmic dependence on A

At A ~ 1 TeV both bounds are 102 (104) stronger than
astrophysical (laboratory) limits
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Naturalness bounds: Majorana v

m SU(2) x U(1) invariant EFT at E < A [but L is not conserved]
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Naturalness bounds: Majorana v

m SU(2) x U(1) invariant EFT at E < A [but L is not conserved]
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Naturalness bounds: Majorana v

m SU(2) x U(1) invariant EFT at E < A [but L is not conserved]
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The sum vanishes, as expected !
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O Og‘)w - O(\[}) “mixing” (matching at scale A)
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Need to insert non-trivial flavor structure:

provided by charged lepton Yukawa couplings
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O Og,)w — (9(15[) “mixing” (matching at scale A)
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0 OB)H — (9(15[) “mixing” (matching at scale A)
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m Resulting bounds on Majorana v transition moments:
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Mild logarithmic dependence on A

At A ~1 TeV both bounds are weaker than experimental limits



" A
Do we understand the difference
of Dirac vs Majorana bounds ?

Yes.

The difference can be traced to different nature of “Voloshin’s
symmetry” protecting Dirac and Majorana mass terms,
and the way this symmetry is broken by SM interactions.



" A
Do we understand the difference
of Dirac vs Majorana bounds ?

m Voloshin’s mechanism: identify SU(2),, under which

- magnetic moment transforms as a singlet (allowed)
- mass transform as a triplet (forbidden)

- v )
vy =1 e is a doublet under SU(2),, (Dirac)
R
1
ﬂTwo Uy = ( ’/{ZL ) |s a doublet under SU(2),, (Majorana)
avors K V /

m [f underlying s.d. dynamics is invariant under SU(2),, , then
one can have large magnetic moments and small mass.



" A
Do we understand the difference
of Dirac vs Majorana bounds ?

m Voloshin’s mechanism: identify SU(2),, under which

- magnetic moment transforms as a singlet (allowed)
- mass transform as a triplet (forbidden)

- VL )
vy =1 e is a doublet under SU(2),, (Dirac)
R
1
ﬂTwo Uy = ( ”_Ij ) |s a doublet under SU(2),, (Majorana)
avors K V j

m Naturalness bounds rely on the fact that:

- SU(2), (Dirac) is broken by SM gauge interactions
- SU(2)y, (Majorana) is broken by SM Yukawa interactions
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Conclusions

m Naturalness bounds on u, obtained by requiring that mass
iInduced by rad. corr. does not exceed 1 eV:

Dirac Majorana
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m Dirac vs Majorana difference understood in terms of
different Voloshin’s symmetries

m Discovery of neutrino magnetic moment near present limits
would strongly suggest that neutrinos are Majorana particles
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m Voloshin's symmetry for Dirac neutrinos
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m \Voloshin's symmetry for Majorana neutrinos (two flavors)
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