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Abstract. If a Z’ gauge boson from a gaugég, — L symmetry is very light, it is associated with a long-rangetd@ic
force. In this case the particles in the Sun create via migiittpe Z’ with the Standard Modéel a flavor-dependent potential

for muon neutrinos in terrestrial long-baseline experitaeihe potential changes sign for anti-neutrinos and heandead

to apparent differences in neutrino and anti-neutrinollaitins without introducing CP or CPT violation. This cduior
instance explain the recently found discrepancy in the MB\N&periment. We obtain the associated parameters of gauged
Ly — Lt required to explain this anomaly. The consequences forduting-baseline experiments are also discussed, and we
compare the scenario to standard NSIs. When used to expl&i®B), both approaches have severe difficulties with exgstin
limits.
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GAUGED Ly —Lg AND NEUTRINOS Amg = Am?\/1—-4ncosP+4n2,  (4)

(\évherer] = 2EV/An?. Note thatV changes sign for
anti-neutrinos, and hence an apparent difference between
neutrino and anti-neutrino parameters will be measured.
Note further that neither CP nor CPT violation is re-
quired for this effect. From Eqgs. (3, 4) it is seen that
_ the mixing angle is required to be non-maximal in or-
jH=ay'a+vay"Rva—By"B—vgy*Rvg (1) dertointroduce differences between neutrinos and anti-
neutrinos. In the limit of smalh we have

In the Standard Model one can gauge one of the thre
lepton numberde — Ly, Le — Ly or L, — Ly without
introducing anomalies [1]. Th& (1) gauge symmetry
associated with.g — Lg goes along with &’ vector
boson, which couples to the current

with coupling strengtly’. Herea are the charged leptons

and vy the porresponding neutrino. There is a priori Am%—Am% ~ —4AnPn cosd, (5)
no expectation for the mass of ti#. Here we will i 228 2
assume that th& is ultra-light:My < 1/Ray, ~ 10718 Sin"26, —sin" 20y ~ 8n cosPsin"26.  (6)

eV, whereRa y. denotes an astronomical unit. In this |n Eq. (2) we have given the potential in units of
case a Coulomb-like potential for leptons, in particularyery small 0es. This is because the potential should

neutrinos, is generated by the particles in the Sun (ange smaller than the energy scale?/(4E), which is
Earth). For instance, if we gauge —Lg one has [2,3]  gpoytex 1013 (S£Y) eV for atmospheric neutrinos and
Oep 2 x 10711(MeV) eV for solar neutrinos. With these es-
10-50 eV, (2 timates one can understand the limits ad; (Oer) <

- , 5.5 (6.4) x 107%? from atmospheric neutrinos [2], and
whereaes = g'“/(4m), andN is the number of electrons ey (Qer) < 3.4 (2.5) x 10753 from solar and Kam-

in the Sun. In the 2-neutrino systemwafandvg we have | AND neutrinos [3]. These limits are more than one or-
to add this potential to the usual oscillation Hamiltonian: yo, of magnitude stronger than limits from tests of the

Amz< —cos® sin20 ) <V 0 ) equivalence principle.

N,
V = O TZ ~13x 10—11<

Hep = 2E \ sin20  cos® 0 -V We note here that in the symmetric limit the neutrino

mass matrices fdre — L, andLe — L; conservation are

The effect of this new neutrino physics looks very much

like the usually considered Non-Standard Interactions 0 ao 0 0 a

(NSIs), but does not depend on the matter densityand my=| - 0 0 |and| - b 0 |, (7)
therefore would work even for vacuum oscillations. The - - b - -0

effect ofV on the mixing observables is respectively. Rather peculiar breaking patterns are

sir’ 26 required to achieve successful neutrino mixing phe-
1—4ncos®+4n2’ (3) nomenology from these matrices. In contrast,jf— L;
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FIGURE 1. Long-rangev, :—(&, p,n) interaction througkr— i
Z'-mixing. E/GeV E/Gev

FIGURE 2. The oscillation probabilities for the best-fit val-
ues from Eq. (12) for neutrinos and anti-neutrinos superim-
posed on the MINOS data. Also plotted are the cases 0
and the value for a second, loggd-minimum. Taken from [5].

is conserved one has [4]

a 0
my = -0 (8)

O T o

where we have defined = ¢ (£ — sy x) and included

This matrix is automaticallyu—t symmetric 613 =  the Earth’s contribution to the solar one. For neutral
|623 — 11/4| = 0), hence requires less peculiar breaking,objects like the Sun or Earth the electron and proton
and predicts the presence of neutrino-less double beta dgumbers cancel and only the neutron numNgris of
cay ((m) = a). The masses aand+b, hence neutri- interest. The above potential acts on fher neutrino
nos will have a mild, if any, hierarchya(~ b because sector and introduces different oscillation probabititie
both terms are allowed by the symmetry and thereforefor neutrinos and anti-neutrinos. Consequently it is a
expected to be of similar magnitude). good candidate for an explanation of the MINOS results,

The question is now how to apply gauged —L:  which seemingly give different mixing parameters in the
to neutrino oscillations, because the lack of reasonablgnuon neutrino and anti-neutrino survival probabilities.
amounts of muons or tauons in the Universe seems to
forbid the generation of a potential in analogy to Eq. (2).
The solution [5] lies inz—Z’ mixing, which in turn orig-  APPLICATION TO MINOSAND OTHER

inates from the last two terms of the general Lagrangian EXPERIMENTS
1 1 .
Z = —ZZLV ZH + EM/ZZ Z,Z"—d'i"Z, (9)  The MINOS long-baseline experiment reported on indi-
siny _, . vidual measurements of, andv,, survival probabilities,
——=Z"Byy +0M“Z, ZH. (10)  and gave the following results [6]

HereZ},, and By, are the field strength tensors of the _Amz = (2.35'373) x 103eV2 ) 5'2229 >0.91,

newU (1) and the Standard Model hypercharge. Diago- AMY = (3.367045) x 10%eV? | sin?26 =0.86£0.11.

nalizing the kinetic and mass terms to obtain the physicairhe apparent difference of the neutrino and anti-neutrino

particlesZ; > introducesZ-Z' mixing: parameters has motivated several explanation attempts,
e in the form of CPT violation [8], NSIs [9, 10, 11], sterile

Ly = — < ((i3)u — Sy (jem)u) +9' & (j/)u> z{',  neutrinos plus gauged — L [12], and gauged., — L;

Swow [5]. As became clear during this meeting [13], none of
; e i he explanations put forward so far wotk¢he standard
L= — g (i) — —— (E— t P p
2 (g (1) Sw Cw (& =swx) ((13)“ three-neutrino picture is remarkably stable and robust.
—sy (jem)p) —eav X (jemu) Z5 Let us illustrate the problems of the solutions: Fig. 2

shows our fit to the MINOS data with the potential from
WhezreE is a small mixing angle depending gpand  Eq. (11). The best-fit values andrfanges are [5]
OM4. The Z' couples weakly with the electromagnetic .
P Y J Sir?26 = 0.83+0.08, a = (1.52"117) x 1050

and isospin currentggy and jz, and mixes with the 14
(mainly) Standard Modéet. One can now obtain [5] the AN = (—2.4840.19) x 10~ %eV?,

following potential forv,, andv; (see Fig. 1):

—q e Nn
4syow 4TRAU.

(12)

a
—~3.60x 10 eV (55
10~ 1 An exception is probably CPT violation, if one is willing tbandon

(11) such an important cornerstone of modern physics.



with Xr%in/NdOf = 47.77/50~ 0.96, to be compared with TA_BLELLBESgnSitivity toa from future experiments
the fit without new physics, which hag2, /Naot = using BLOBES.

49.43/51~ 0.97. Recall now that the total Hamiltonian Sensitivity to
including V looks like a typical NSI Hamiltonian, for Experiment a/10°%0 at 99.73%C.L.
which limits have of course been derived already [14]. T2K (v-run) 118
Values ofa = 107> correspond to Earth matter NSIs T2K 43
of |eﬁu| ~ 0.25. The current limit on this parameter is T2HK 17
|&;iu| < 0.068, corresponding ta < 10~°%, too smalll to SPL 7.5
have an effect of necessary size for MINOS. CN:oOr\r}@ine d Superbeams 1?11
However, there is one important difference to NSls: Nufact P 053

in a gauge invariant framework theeparameters of the
neutrino NSls are responsible also for charged lepton de-
cays, which are subject to stringent constraints and im-
prove the bounds by typically one or two orders of mag- ACKNOWLEDGMENTS
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