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Plane-wave approach Daya Bay experiment
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U, are registered via the inverse
B-decay in liquid scintillator:

e Neutrino mass eigenstates are plane waves (p.w.). (WS and OWS) e . | L

e Neutrino mass eigenstates are produced and detected coherently.

e Neutrino mass eigenstates have definite and identical momenta. igg .+ p—n+et

e Neutrino speed is the speed of light. i%!\lil‘ ;ii et e sty

Contradictions: gii“ !%é n+X — X" = X+ ny

e The distance L cannot be rigorously defined with fully delocalized p.w. f ':'EE The coincidence of the prompt

e The assumption about coherent production/detection should be justified. :;;:;" A !.!;-’ (e" ionization and annihilation)

e Assumption of same momentum is not Lorentz invariant. Y ;97 / and delayed (n capture on Gd)
concrete
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e Accounting for the fact that v; = c leads to spurious factor of two signals is used

. . : antineutrino detectors (AD)
change in the oscillation phase.

The plane-wave model of neutrino oscillation is not self-consistent,
and leads to a number of paradoxes. A wave packet treatment of

neutrino oscillation is necessary. Data daina |y5|5 As the goodness-of-fit measure we use

X*(n) = (d —t(n))"V=i(d — t(n)),
where d is a data vector, t(n) is the theoretical
model vector, 1 is the vector of constrained and
unconstrained parameters. All uncertainties of the
model are considered in the covariance matrix V.
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Wave packet approach

A wave packet is a coherent superposition of mass eigenstates with
different momenta

k) — [ 5<F(kp.oDmi(k))

The analysis was done with parameters o, Am%z,

sin” 26013, flux normalization N taken into account,

Robs / Rpred, NOOSC
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o The region of 1071 < 5,4 < 0.1 is where the
impact of wave packet on neutrino oscillation is
negligible for the Daya Bay experiment.
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® 0. = 0p/Pp is the relative wave packet momentum dispersion.
o is the intrinsic momentum dispersion of the neutrino wave packet
that depends on the kinematics of neutrino production and detection
in general. In QM formalism &, = const.

o In the region o, < 107° localization term Dij

suppresses the oscillations.

o In the region o,y > 0.1 spatial separation (LiJOh)

=1/20, | ial width of wave packet. Y| L OZ SN arXiv:1608.01661] - . . .
7 /20y is a spatial wid Wave b B ; [. L = and dispersion (sz) are important.
o L} is the oscillation length. 04
o Lij?h is the coherenf:e length, i.e. a distance at wh.ich the int.erference mo.gf_ o Allowed region for o, at 95% C.L.:
of neutrino mass eigenstates vanishes due to spatial separation of |vy) s | 23810~ < ¢ < 0.232.
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e [he factor Dij suppresses the production and detection of massive <>]< N S U T e | ® Thus the obtained limits can be read:
neutrino states |vk) and |v;) in the coherent flavour state. oo i A B 107 em <o, < 2m
e T 0.2 04 Such a o, corresponds to the regime where the
A Allowed regions in (Am3,, 0,) and localization term can be safely neglected.
Current knowledge about o (sin2 2013, 0e) Obtained with fixed-level @ This allows us to put an upper limit:
P Ax? and Feldman-Cousins methods. o < 0.20 at 95% C.L.
e [heoretical estimates vary by orders of magnitude, associating the
dispersion of the neutrino wave packet with various scales; for The first limits on the neutrino wave packet momentum dispersion are obtained.
example, uranium nucleus size (o, =~ 10~ em, o, >~ 1 MeV), atomic The allowed decoherence effect due to the wave packet nature of neutrino oscillation is found
or inter-atomic size (o, ~ (107° — 1077) cm, o, ~ (10° — 10%) V), to be insignificant for reactor antineutrinos detected by the Daya Bay experiment. That
pressure broadening (o, ~ 10~* cm, o, >~ 0.1 eV), etc. ensures an unbiased measurement of the oscillation parameters sin® 26;3 and Am%2 within the

: : plane-wave model.
e No experimental studies.



