Evolution of lepton number for neutrinos
with wave packet-like effects
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Introduction Lepton Number

We present a novel formulation, based on quantum field theory, for neutrino Three active neutrinos sometimes called flavors or families exsist as part of the Standard Model [LEP (2006)]

oscillation phenomenology that can be applied to nonrelativistic and relativistic > LePton family number is a global symmetry of the Standard Model

energies for neutrinos. The formulation is constructed as the time evolution of a Electron family number Muon family number  Tauon family number Broken symmetry due to massive neutrinos
lepton family number density operator. We also introduce a Gaussian Le =mne —ne Ly =mny —ng Ly =n: —nz 5. M. Bilenky and C. Gluntl (20071
momentum distribution for the initial state that incorporates wave packet-like ,, Total lepton number is a sum over the families and it also conserved in the Standard Model

decoherence effects. At time t=0, we assign either a Dirac or Majorana mass to
the neutrino. Then, the time evolution of the lepton family number density
operator becomes dependent on the mass and new features appear. We show in D) La=Le+Li+L;
the nonrelativistic regime, by taking the expectation value of the density “
operator, the type of neutrino mass is distinguishable even under the presence of

decoherence effects. Dirac mass case: L2(t) = /dgaj [lé(t,x) + lﬁ(t,x)} — /d3$ ' ULa(t, %)Y VEa(t,X)  + : URa(t, X)7 VRa(t, %) ]

How does the density of the lepton family number evolve
when neutrinos have a Dirac or Majorana mass? %

ajorana mass case: L1 (1) = [ %12 (t,x) = [ d%  vialt 307 vna(t.%)

Total lepton number Broken if neutrinos have Majorana mass Conserved for Dirac mass
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» We define a lepton family number from a SU(2); doublet based on the charged weak interaction

Expectation Value

» For an observable quanity we take the expectation values of the densities

Initial Gaussian distribution in 1 dimension Dirac Vs. Majora Nna
1 / d _ (g—g9)?
) (g0 0q)) = Yy / 4 a2 aJ(fL)J((), q,0)|0); » The expectation values have different evolutions depending on the mass type
Vq(2m)%/%0(0) J 274 /2]q] » Easy to see for the total lepton number
: : " : i 952 (o — s t)2 952 (po0tvint)2
» The result is observable evolutions for the densities with wave packet-like decoherence . Z AP (¢, 2) Z Voil? [( { vio)e o (w2 —vi0t) (1 — v;0)e 2 5 (x2+viot) }

Dirac expectation value: )\?_mé(t,ﬂfg) — // d:vldmg(wg(qo;aq)ﬂé’(t,x) +l§(t,x)|¢£(q0;0q)>

Z Vil [”Zo(l + vig)e 202 mUi0t) g0 (1 — wyg)e 20 (@t viot)”

Majorana mass case: E MM (t, 20) ~
87

Majorana expectation value: \;7,  (,z3) = / / daydas(1hs (0 o)l (8, %)[¥a (g5 09)) ﬂ”

20 202 (vitP4xd) (.0
(a) Majorana Expectation Value (b) Dirac Expectation Value +2(1 — vjg)e”"7at"0 2 cos 2L (q )t}

Wave packet-like effects 0.10

Majorana mass case breaks total lepton number
» The breaking of lepton number depends on time
» This appears in the time evolution of the density as
negative values

» The decoherence of the oscilliations occur due to
differences in the velocities of the mass eigenstate
Gaussian distributions
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Real exponentials damp the oscillations
—0'2[(332ﬂtviot)Q—l—(ibgﬂtvjot)Q]

The Dirac mass case conserves lepton number, so it is
always postive definite
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" = 0.0002 eV < m; = 0.01 eV Always true even with decoherence effects

linear Lepton Number density A

» Behaivor is the similar as wave packet decoherence in 0.05- s — 0.00001
guantum mechanics 1 ' —o=e,a=¢
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