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Sensitivity of low energy neutrino experiments to physics beyond the standard model
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We study the sensitivity of future low energy neutrino experiments to extra neutral gauge bosons,
leptoquarks, and R-parity breaking interactions. We focus on future proposals to measure coherent
neutrino-nuclei scattering and neutrino-electron elastic scattering. We introduce a new comparative
analysis between these experiments and show that in different types of new physics it is possible to
obtain competitive bounds to those of present and future collider experiments. For the cases of leptoquarks
and R-parity breaking interactions we found that the expected sensitivity for most of the future low energy
experimental setups is better than the current constraints.
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I. INTRODUCTION

The standard model (SM) is one of the most successful
models in physics and it is in very good agreement with
almost every measurement in high energy physics [1].
Despite this fact, there are many motivations to believe
that the SM is not the last step in the description of the
physics of elementary particles.

There are many theoretical motivations to believe that
there is physics beyond the standard model, and recently
the neutrino oscillation experiments have also given an
experimental input on these thoughts. Among the most
popular extensions of the SM we find grand unified theo-
ries (GUT), supersymmetry (SUSY), and extra dimen-
sions. None of these theories have been observed in the
laboratory, but there are extensive searches for signatures
of them in collider physics. The main aim of this paper is to
analyze the potential of low energy neutrino experiments
either to confirm the presence of new physics if it would
be discovered by the Large Hadron Collider (LHC), or
put stronger or complementary constraints on their
parameters.

‘We center our attention in signatures that could appear in
two different reactions: coherent neutrino-nuclei scattering
and neutrino-electron elastic scattering. As concrete ex-
amples of coherent neutrino-nuclei scattering we will con-
sider the TEXONO proposal [2], a stopped pion source
(SPS) with a noble gas detector [3] and the recently dis-
cussed proposal of low energy beta beams [4]. For the
neutrino-electron-scattering case, we concentrate on the
Double Chooz proposal [5].
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For some of these experimental proposals there have
already been discussions about their perspectives for con-
straining nonstandard neutrino interactions [3,6] or a non-
zero neutrino magnetic moment [3,7-9]. In this work we
introduce a new comparative analysis between different
low energy experiments, focusing on three different types
of new physics phenomenology, namely, extra neutral
gauge bosons, leptoquarks, and R-parity breaking super-
symmetry. As far as we know, this is the first time that the
sensitivity of low energy neutrino proposals to leptoquarks
is studied. On the other hand, extra neutral gauge boson
sensitivity had been studied only for the TEXONO and
neutrino-electron-scattering proposals [6,8,10]. For the
case of R-parity breaking supersymmetry the existing
studies have tested either long-baseline neutrino experi-
ments [11] that introduce an extra dependence on 63 or
new physics effects in the source due to charged currents
[12], while here we will focus on neutral currents effects,
visible in the detector, specifically in a short baseline
detector based on coherent neutrino-nuclei scattering.
Moreover, the study of different future proposals at one
time gives to the reader an extra usefulness of telling which
future experiments will give better chances in the different
types of new physics under study. We will see that, despite
the fact that we are dealing with very low energy experi-
ments, there are good chances to obtain a very good
sensitivity to these types of new physics and to either
compete or to give complementary constraints to those
that could be obtained from collider experiments.

The structure of the article is the following: In Sec. IT we
describe the experimental proposals that we study. In
Sec. III we introduce the different types of new physics
under consideration and the expected sensitivity in the
different experimental setups. Finally, in Sec. IV we
present our conclusions.
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II. EXPERIMENTAL PROPOSALS

Before introducing the phenomenology to study new
physics signatures we would like to discuss the low energy
neutrino experimental proposals. In particular, we will
discuss the case of future experiments aiming to measure
the coherent neutrino scattering off nuclei as well as the
case of low energy neutrino-electron-scattering experi-
ments. For the first reaction we study three different recent
proposals while for neutrino-electron scattering we con-
centrate on the Double Chooz case.

A. TEXONO

The TEXONO Collaboration has recently started a re-
search program towards the measurement of neutrino-
nuclei coherent scattering by using reactor neutrinos and
an ‘“‘ultralow-energy” germanium detector (ULEGe) [2].

The proposed detector would consist of 1 kg of an
ultralow-energy germanium detector with a threshold as
low as 100 eV and a background level below 1 keV in the
range of 1 count per day that implies a signal-to-noise ratio
bigger than 22. Although an estimate for the systematic
uncertainties is not available, we can consider that they will
be dominated by the reactor power, its fuel composition,
and the antineutrino spectrum. We assume that these un-
certainties will give an approximate error of 2% [13].

Besides the 100 eV threshold, we will also consider the
more conservative case of a 400 eV threshold. The typical
time scale of data taking is assumed to be from one to
several years.

The electron antineutrino flux is coming from the Kuo-
Sheng Nuclear Power Station. The detector will be located
at a distance of 28 m from the reactor core. In our compu-
tation we will assume a typical reactor neutrino flux of
103 s7'cm™2. There are several parametrizations that
consider in detail the neutrino spectrum coming from a
reactor [13—15]. In this work we will use the most recent
parametrization [13] for the neutrino spectrum. Since the
proposed experiments are not running yet, we will assume
that the relative contribution of the fissile isotopes (>*°U,
239py, 238U, 241 Pu) is given by the typical average values of
the reactor operating period [16] which is given by
0.58:0.30:0.07:0.05. We have checked numerically that
the result does not change significantly with other ratios.
For energies below 2 MeV there are only theoretical cal-
culations for the antineutrino spectrum that we take from
Ref. [16].

Since we are not able to account for the detector effi-
ciency and resolution, we will estimate the total number of
expected events in a detector as

M Enax Tmax () do

NI = gy M [ g [T e,
th

X (E,, T), (1)

with ¢ the data taking time period, ¢ the total neutrino
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flux, Myeector the total mass of the detector, A(E,) the
normalized neutrino spectrum, E,,, the maximum neu-
trino energy, T, the detector energy threshold. The maxi-
mal recoil energy is Ty (E,) = 2E%/(M + 2E,). The
same expression relates the minimum required incoming
neutrino energy with the detector threshold 7y,. For in-
stance, for the detector’s threshold 400 eV and "°Ge nu-
cleus, the minimum required incoming neutrino energy is
about 3.8 MeV which is well satisfied for reactor neutrinos.

B. Stopped pion neutrino source

A different proposal for detecting the coherent neutrino-
nucleus scattering considers the use of another source of
neutrinos, a SPS, such as the Spallation Neutron Source at
Oak Ridge National Laboratory. Recently, this type of
source was proposed to measure coherent neutrino scatter-
ing off nuclei as well as nonstandard neutrino properties
[3].

The total beam flux consists of the following well-
known neutrino fluxes.

(i) The monoenergetic 29.9 MeV v,’s produced from

pion decay at rest, 7" — u*v,, and

(i) 7, and v, coming from muon decay, ut —

etv, v,, with a time delay of about 2.2 us, muon
decay time scale.

The neutrino spectra are well known. Here we will consider
only the total delayed flux (v, +v,) as was done in
Ref. [3]. We assume a total flux of ~107» s~ !ecm™2.
Among different possible detector materials such as Ar,
Ge, or Xe, we will concentrate on the noble gas detector,
20Ne, of typical mass about 100 kg with a data taking time
scale from one to several years and a threshold of 10 keV.

C. Low energy beta beams

The usage of accelerated radioactive nuclei to produce a
well-known flux of neutrinos—beta beam—was proposed
in [17]. It was shown soon afterwards that low energy beta
beams open new possibilities to study neutrino properties
[18] and, recently, a neutrino-nuclei coherent scattering
experiment using neutrinos from low energy beta beams
was discussed [4]. On the other hand, tests for R-parity
violating supersymmetry have been discussed both by the
direct detection of 7 leptons in a nearby detector [12] and
in long-baseline beta-beam experiments [11].

In particular we base our analysis on the beta-beam
experiment discussed in [4,19]. We consider a storage
ring of total length L = 1885 m with a straight section of
length D = 678 m. In the stationary regime the mean
number of ions in the storage ring is yrg, where 7 =
12/ 1n2 is the lifetime of the parent nuclei, g = 2.7 X

10'? is the number of injected ions per second, and y =

1/4/1 — 7 is the time delay factor with 8 the ion velocity
in the laboratory frame. As previous authors, we will
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consider a cylindrical detector of radius R = 52 cm and
depth & = 40 cm, aligned with one of the storage ring’s
straight sections, and located at a distance d = 10 m from
it. Integration over the decay path and over the volume of
the detector gives the total number of events per unit time

NEPS™ — tornh f " dE, @ (E)o(E). ()
0

where t = 1 yr is the data taking time, n is the number of
target nuclei per unit volume, o(E,) is the relevant
neutrino-nucleus cross section. For definiteness we con-
sider the case of a ton of Xe as a target and a factor y = 14
for ®He ions as described in Ref. [4]. As for the threshold
energy, we consider both the realistic threshold of 15 keV
where background events are negligible as well as the very
optimistic 5 keV threshold that, according to the same
reference, will give a bigger number of events if back-
ground could be subtracted, though at present there is no
technology capable of dealing with such a background.
The total neutrino flux through detector is given by

Dd{ (hdz (062 sinfdo
oute) = [T 15 ] Pu(E,, ), ()
0 0 0

2
where
- R
tan0(€, Z) = m 4)
The boosted flux in the laboratory frame is
®,,,(E,y[1 — Bcosh])
By (E,, 0) = A= Beosd] 5)

v[1 — Bcos]

where E, and ) = (0, ¢) denote the energy and solid
angle of the emitted (anti-)neutrino in the laboratory
(lab) frame and @ denotes the angle of emission with
respect to the beam axis.

The neutrino flux in the rest frame, ®,,,(E’,), is given by
the well-known formula [20]

In2
(E})*E\E: — mlF(*Z, E,)
mgffm

X O, —m,), (6)

D, (E,) =

where m, is the electron mass and f7,/, the f7 value. The
energy of emitted lepton (electron or positron) is E, =
QO — E!,, where Q is the Q value of the reaction, and the
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Fermi function F(*+Z, E,) accounts for the Coulomb modi-
fication of the spectrum [21].

D. Reactor experiments

A different type of experiment that we will also consider
in this article is based on low energy neutrino-electron
scattering. This process has already been considered as a
possible place to search for an extra gauge boson [10,22].
The case of a reactor source to constrain new physics has
recently been discussed both for present [23] and future
proposals [8]. In this work we will concentrate on the
perspectives for the Double Chooz experiment [5]. As in
[8], we assume that the Double Chooz will collect 10*
neutrino-electron-scattering events considering a 3 GW
reactor and a 26.5 ton detector with an electron visible
energy window 3 <7 <5 MeV. As in the case of the
TEXONO proposal, we will use the most recent parame-
trization [13] for the neutrino spectrum and the same fuel
composition.

E. Discussion on experiments

We summarize the main characteristics of the detectors
in Table I. One can notice that in some cases it could be
possible to run the experiment for a period longer than one
year, or to upgrade the detector mass, obtaining a smaller
statistical error without being dominated by systematic
uncertainties. This is the case, for example, for a beta
beam with a 15 keV threshold. On the other hand the
stopped pion source seems to be suitable only for one
year of data taking. Finally, we also consider the very
optimistic cases in which experimentalists can reduce the
uncertainties in a low threshold regime (like a beta beam
with a 5 keV threshold). In this case we assume that the
systematic uncertainties remain the same.

In the next sections we will take into account all these
experimental setups. We will also show results for possible
upgrades to these experiments; i.e., we will consider that
the experimental setup can be running for a longer time (or
that an upgrade in mass is possible). Among the difficulties
for the upgrade we must take special care of the systematic
error expectations. In order to make a reasonable compro-
mise with future experimental capabilities, we will con-
sider the systematic errors quoted in Table I. Since we are
dealing with experiments that are not running yet, we

TABLE I. Expected events for different experimental setups.

Experiment M, Expected events per year Systematic error estimate
TEXONO, E, = 400 eV 1 kg, Ge 3790 2%
TEXONO, E; = 100 eV 1 kg, Ge 25196 2%

Beta beam, Ey, = 15 keV 1 ton, Xe 1390 2%
Beta beam, Ey;, = 5 keV 1 ton, Xe 5309 2%
Stopped pion, Ey = 10 keV 100 kg, Ne 627 5%
Double Chooz 26.5 ton, scintillator 10000 1%
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believe that this approach will be helpful to take notice of
what would be the expected limits for each experiment.

ITII. MODELS AND SENSITIVITY

Once the experimental setups have been discussed, we
turn our attention to different types of new physics that
could be constrained in these future proposals. We will
consider three different scenarios that will be discussed in
detail in the following subsections.

A. Z' models

In this section we introduce the description of the extra
gauge bosons to be considered. New massive gauge bosons
are a common feature of physics beyond the standard
model. Heavy neutral vector bosons Z' are predicted in
string inspired extensions of the SM, in left-right symmet-
ric models, in models with dynamical symmetry breaking,
in “little Higgs” models, and in certain classes of theories
with extra dimensions. In many of these models it is
expected that the Z' mass can be around the TeV scale.

The present experimental lower limits to the neutral
gauge boson mass come from the Tevatron and LEP ex-
periments [1]. Forthcoming measurements at LHC will
provide sensitivity to the Z’' mass up to 5 TeV [24,25].

The new Z' boson affects the neutral current couplings
of the SM, and its contribution at low energies can be tested
from atomic parity violation and by electron-nucleon scat-
tering experiments (see references in [1]). Since low en-
ergy experiments are not sensitive to the mixing angle
between the SM gauge boson and the extra gauge boson,
and this angle is very well constrained [1], we will neglect
1t.

We consider first the particular case of an additional
neutral gauge boson Z' that arises from a primordial Eg
gauge symmetry [26]. These extensions usually involve an
extra U(1) hypercharge symmetry at low energies that may
be given as the mixture of those associated with the sym-
metries U(1), and U(1),. We show the quantum numbers
for the SM particles in Table II.

The corresponding hypercharge is then specified by

Yg =Y, cosB + Y,sing, @)

while the charge operator is given as Q = 73 + Y. Any
value of 8 is allowed, giving us a continuum spectrum of

TABLE II. Quantum numbers for the light particles in the 27
of E6'
T; \40Y, 24y,
0 (1% -1 1
u 0 -1 1
e* 0 -1 1
de 0 3 1
1/2
! 3 3 1
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possible models of the weak interaction. At tree level it is
possible to write an expression for the effective 4-fermion
Lagrangian describing low energy neutral current phe-
nomena. We neglect nonstandard radiative correction be-
cause its contribution is of order (a/m)(M%/M2) [27].
Another class of Z' models is coming from left-right
symmetric models that have the premise that the funda-
mental weak interaction Lagrangian is invariant under
parity symmetry at energies about 100 GeV. The gauge
group of this type of model is given by SU(2); ® SUQ2)r ®
U(1)g_;, which gives an additional neutral gauge boson
plus a charge gauge boson [28,29]. We will concentrate in
this work on the neutral currents.

In the following subsections we will introduce the mod-
ifications to the coupling constants, and therefore to the
cross section, due to this type of new physics. With this
information we will study the different experimental pro-
posals and their sensitivity to both Eg and left-right sym-
metric neutral gauge bosons.

1. Coherent neutrino-nuclei scattering coupling
constants

Before introducing this description it is useful to recall
the general description of the nonstandard neutrino-quark
and neutrino-electron interactions and then we will specify
the interactions for commonly used Z' models.

Generically the neutrino-quark interaction at low ener-
gies (energies << M) can be described at the 4-fermion
approximation by the effective Lagrangian

Gr _
Llly(liadron = _quzu‘:d[erM(l - 75)7}@]
X (f gy (1 = ¥)ql + fR[gy (1 + ¥ )q)),
3
where
[ = PG = 3RNED) + A+ et
P = PR )+ Aot
fuR — pllylg _%RVNS%) + )\uR + SMR,

F4R = pNE(R,2) + MR + i,

Here §% = sin’fy, = 0.231 20—the Weinberg weak mix-
ing angle taken in the MS model. The radiative corrections
[1] pN¢ = 1.0081, &,y = 0.9978, A*L = —0.0031, AL =
—0.0025, and AR = 2R = 7.5 X 107 are included into
our analysis. In general, the parameters £/ (¢ = u, d and
P = L, R) describe a generic nonstandard neutrino inter-
action. For the specific case of E4 string inspired models
this is translated into

073008-4



SENSITIVITY OF LOW ENERGY NEUTRINO ...

c sg [5\/ 3¢ Sg 5
8uL= —4 sin20 NC( B _ B >< B 4+ 2k /3 )
TIEwON\ g 224

3¢ sg |5 (10)
—8ysinZ6 B 2B )
Y WPVN<2\/—

SdL — 8uL — —SMR,

gdR —

where cg =cosB, sg=sinB, and y= (My/My)>.
Three main models have been extensively studied, namely,
the y model (cos 8 = 1), the ¥ model (cos 8 = 0), and
the 1 model (cosB = \/3/_8). In previous articles [22] it
has been stressed that low energy neutrino experiments are
more sensitive to the y model than to other E4 models.
However, for comparison with the expected sensitivity to
7' mass in different models at LHC we will consider a
continuum spectrum of possible models over parameter 3.

From the Lagrangian in Eq. (8) we can obtain the
coherent neutrino-nucleus differential cross section which
is given by

do _ GiM
dT 21

{(Gv + Gy + (Gy — GA)2<1 - El>2

14

- (@~ 63 an

where M is the mass of the nucleus, T is the recoil nucleus
energy, which varies from 0 to T,,x = 2E2/(M + 2E,),
E, is the incident neutrino energy, and

= [(gp +2eY + dV)Z + (gh + &ty + 2&dY)N]
X Fpa(Q?), (12)

GA = [(gz + 28?? + See )(Z+ Z—)
+ (g + 4 + 26M) (N, — NO)IFAL(0Y).  (13)

Z and N represent the number of protons and neutrons in
the nucleus, while Z. (N.) stands for the number of
protons (neutrons) with spin-up and spin-down, respec-
tively. From Eq. (13) it is possible to see that the axial
couplings will vanish for even-even nuclei considered
below.

The vector and axial nuclear form factors, F) ,(Q?) and

nuC](Q ), are usually assumed to be equal and of order of
unity in the limit of small energies, Q2 <« M?. In our
computations, for the sake of completeness we take into
account the vector form factor given in Ref. [30]. We have
also made our computations taking into account previous
calculations of this form factor [31-33], and we found that
there is no difference in our results for both of them, which
gives us confidence to consider that this theoretical esti-
mation will not have an impact on the systematic errors.
The SM neutral current vector couplings of neutrinos with
protons, g{'}, and with neutrons, gy, are defined as

PHYSICAL REVIEW D 76, 073008 (2007)
gh = pNGG — 2R, 58%) + 2A1E + 204K 4+ (I 4 (4R
gh = —1plG + Ak + AR + 2090 + 2 09R, (14)

Besides string inspired models, we also consider left-
right symmetric models. In this case the coupling constants
in Eq. (9) can be expressed as [34]

fuL — pVCA(2 NSZ) _ B2S2 + )\uL
de:PQICA( %+1AvNSz)+BI + 4L, (15)
R = pNCA(=3k,n8%) + B — 382) + AR,
[ = pINAGR,NSZ) + B(—3 + 387) + A%,
where
a4 2(1 _ a2
A=1+ 1—5722% . B= —Szl(l_ 2:%2 (16)

2. Neutrino-electron scattering coupling constants

For the case of neutrino-electron scattering the total
Lagrangian has the form

LY¢ = —TZH,B:ZW’T[%W(I — ¥)g]
X (fLley, (1 — y2)el + fRley, (1 + v )e)),

a7)

with f¢LR = g; p + gk and

3¢ sg |5
gl = 2ysin?y, p <—B +2£ —>

5\ /3¢ sg |5
eR = 2ysin® 6y p2; ( -~ —)(—B +2£ —).
ysin“Owpi 26 3\sN\yza 318

(18)

As in the previous subsection, here y = (M,/M,)?. With
this Lagrangian, the neutrino-electron scattering will keep
the same form,

do _ 2Gpm T2 m,
— =" e[g%Jrg?e(l——) ~ 8L8R o

dT T E, E2 } (19)

with the only difference that now the coupling constants
gr.g Will be defined as

1
g1 =5+ sinfy + &b, (20)

gr = sin?8y + &k, 21D

For the left-right symmetric case, we can express the
coupling constants as

g% = Ag, + Bgp, (22)
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1600 ;_ - -+ beta beam 15 keV _;
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1400F |+ « beta beam 5 keV .
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cosf

FIG. 1 (color online). Sensitivity, at 95% C.L., to different
extra neutral gauge boson coming from Eg models. We consider
the case of the TEXONO proposal for an energy threshold of
100 eV (solid line) and 400 eV (dashed line), the case of a future
stopped-pion source (dash-dotted line), and a beta-beam source
with energy threshold of 15 keV (bold dotted line) and 5 keV
(dotted line). Finally, the Double Chooz sensitivity is also shown
(dashed-double-dotted line). The current limits (triangles) are
also shown for comparison.

gkt = Agg + Bgy, (23)

where A and B were defined in Eq. (16).

3. Future sensitivity

In order to compute the expected Z’ mass limit that these
experiments could get, we consider that the future experi-
ment will measure exactly the standard model prediction,
and we add the systematic error in quadratures to the
statistical one. With these hypotheses we can compute
the 95% C.L. bound reachable at these future experiments
after one year of data taking.

We make this computation for the string inspired models
for all possible values of cosB considering the detector
characteristics explained in the previous section. The re-
sults are shown in Fig. 1, where we also show, for com-
parison, the current constraints at 95% C.L. [1]. Note that
the expectations for the Double Chooz experiment are in a
qualitative agreement with similar analysis done before the
MUNU experiment in Ref. [10]. For the left-right symmet-
ric case the expected sensitivity is shown in Table III.
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From Fig. 1 it is possible to see different phenomeno-
logical aspects. First, the y model (cosf8 = 1) is the most
sensitive for low energy neutrino experiments. Second, for
the coherent neutrino-nucleus scattering case, the ¥ model
(cosB = 0) is in the opposite situation. This behavior is
clear from Eq. (10), that for this specific value the correc-
tions to the standard model Lagrangian cancel. A similar
property arises both in the case of coherent neutrino-
nucleus scattering as well as in anti-neutrino-electron scat-

tering for cosf = —4/5/32. These features of different
specific models seem to discourage the search for this
type of new physics in low energy neutrino experiments,
since only a few models can give a significant signature.
However, in the case of a positive signature in LHC we can
expect its confirmation in this kind of experiment, or their
nonobservation in the case of other specific models, pro-
viding in any case indirect complementary information.

In order to test how the sensitivity to an extra Z signal
could change with an upgraded version of these proposals,
we show in Fig. 2 the improved sensitivity for each pro-
posal in the case of an increase in mass or time exposure,
which reduces the statistical error.

We can see that in the case of extra gauge boson Z' the
neutrino experimental proposals could only give comple-
mentary information to the current Tevatron constraints

[1].

B. Leptoquark models

A leptoquark is a scalar or vector boson that couples to a
lepton and a quark. There are no such interactions in the
SM, but they are expected to exist in various extensions of
the SM [1], such as the Pati-Salam model [36], grand
unification theories based on SU(5) [37,38] and SO(10)
[39] gauge groups, and extended technicolor models [40].

The leptoquark contribution effectively (in 4-fermion
approximation) can be written as [41]

v A V2

YR
mlq 4GF

u

2
piv — Ao N2
mlzq 4Gy’

where A,, A, are couplings, m,, is leptoquark mass. This
parametrization is given for vector leptoquarks. In the case
of scalar leptoquarks, our results should be multiplied by a
factor 1/2 [41].

TABLE III. Expected sensitivity at 95% C.L., in GeV, for the mass of a left-right symmetric model extra gauge boson. We consider
five different experimental proposals. The current limit is also shown for comparison.

TEXONO Beta beam Beta beam TEXONO Stopped pion Double Current
Experiment (100 eV) 5 keV) (15 keV) (400 eV) source Chooz limit
Sensitivity 450 419 358 406 251 565 860 [35]
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T T T T
i — TEXONO 100eV | 7
1000 = = beta beam 5 keV N
F —- TEXONO400eV | 1
- =+ beta beam 15 keV 1
[ current limit T SD‘;JES;dCP;‘;‘;;"“m ]
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O T e ]
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4001 a
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2 4 6
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FIG. 2 (color online). Sensitivity, at 95% C.L., to an extra y
neutral gauge boson coming from Eg models for different
experimental setups. The dependence on the size of the detector
and time of running is shown.

0.025F 8
N i Y.l
—~ r TUmeeal ~.. 1
> oo T b
0] L ]
O 002._.\ ............................................ -
8 L Current limit -+ beta beam 15 keV | |
Q L — TEXONO 100eV|
= - * = betabeam 5 keV | -
g 0.015F —- TEXONO 400 eV |
= - --- Stopped pion case| 1
= L -
N r 1
o \\\\ ..................... T
< 001 T T e
I . I .

mass*time/(M , year)

FIG. 3 (color online). Sensitivity, at 95% C.L., to a vector
leptoquark coupling for different experimental setups. The limit
on the coupling A; will depend on the leptoquark mass m;, that
here is chosen to be 300 GeV in agreement with current litera-
ture. The dependence on the size of the detector and time of
running is also shown.

In the case of an observation at colliders like LHC and
LEP, one can constrain directly the leptoquark mass. The
expected sensitivity for LHC could be as high as 1.6 TeV
[42]. However, for indirect observations, like our low
energy 4-fermion case, one can constrain only the combi-
nation /\é/mlzq. An extensive list of constraints on the
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leptoquark couplings and masses is given in Refs. [1,41].
The current limit for a leptoquark which couples to the first
generation of leptons and first generation of quarks is given
by

A2/(my,/300 GeV)? < 0.02.

We have calculated the sensitivity to the vector first
generation leptoquark couplings and masses which is ex-
pected at different low energy neutrino experiments al-
ready discussed in this work. The results are shown in
Fig. 3 where we show the expected sensitivity at 95% C.
L. for each experiment and the possible improvements if
the experimental setup could run with a bigger mass or for
a longer time.

One can see that the low energy neutrino experiments
are very promising for improving the present bounds.

The sensitivities for the case of scalar leptoquark masses
for different low energy neutrino experiments are collected
in Table IV. For easy comparison with the bounds given in
[1] we have fixed the leptoquark effective coupling at the
electroweak value, A2/47 = 1/137, and we compute the
sensitivity of the scalar leptoquark mass at 95% C.L. These
results also show a big potential for low energy neutrino
experiments to give complementary information about
leptoquark masses and couplings.

C. SUSY with broken R parity

In supersymmetric theories, gauge invariance does not
imply baryon number (B) and lepton number (L) conser-
vation and, in general, the so-called R parity [defined as
R = (—1)3B*L*2S where S is the spin] is violated.
However, one has to keep the consistency with the non-
observation of fast proton decay. One may consider, for
instance, the R-parity violating minimal supersymmetric
standard model (MSSM) (imposing baryon number con-
servation) with a superpotential that contains the following
L-violating terms [44]:

AipLi Ly By AjyLi Q1 Dj (24)
where we use the standard notation, L, , Q;, Eg, and Dy to
denote the chiral superfields containing the left-handed
lepton and quark doublets and the right-handed charged-
lepton and d-quark singlets respectively; i, j, k are genera-
tion indices. A lepton-Higgs term (LH) can also be in-
cluded in the superpotential, but it can be rotated away
through an appropriate redefinition of the superfields.

TABLE IV. Expected 95% C.L. leptoquark mass sensitivity, in GeV, for future low energy neutrino experiments. The leptoquark

effective coupling has been fixed to be A2 /47 = 1/137.

TEXONO Beta beam TEXONO Beta beam Stopped pion Current
Experiment (100 eV) (5 keV) (400 eV) (15 keV) source constraint
Sensitivity 894 805 684 546 298 [43]
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At low energies, the heavy supersymmetry particles can
be integrated out and the net effect of the R-breaking
interactions is to generate effective 4-fermion operators
involving the lepton and quark fields.

By considering the case where a single Yukawa coupling
(with one flavor structure) is much larger than the others,
the effective 4-fermion operator generated by L Q’ D%
takes the same form as in Eq. (8) with the new couphngs
[44,45]:

= pSG = 3R,n85)(1 — rig(Erg)) + A“E,
= pNG(=3 + 1,852 (1 — rin(Ep)) + AL
- V'Hk(csz),
fR = plG(=3&,582)(1 = rigi(Er) + AR,
JR = pNGGRNSZ(L = rige(Ep)) + AR+l (dyy),
(25)
where

() e

The factors (1 — r;,(éxg)) account for the Fermi coupling
constant redefinition G = G3M(1 + r15;(éz)) that arise
from the modification to the w decay due to R-breaking
interaction. Since the value of the Fermi constant comes
from muon decay experiments, we can not get any infor-
mation on the charged current SUSY parameters and we
should concentrate only on the neutral current corrections.
As already mentioned in a previous section, a different
approach has also been considered, that is the direct de-
tection of 7 leptons in a nearby detector [12].

42 — TEXONO 100 eV
- 54 - _
0.01F 5 lel current limit / + beta beam 5 keV ]
—- TEXONO 400 eV g
+ beta beam 15 keV g
- Stopped pion source |

11k
T
1

rd 2
dR

-\

,dL2
151

——-—
e S,

0.001 ' . ' .

mass*time/(MO year)

FIG. 4 (color online). Sensitivity, at 95% C.L., to neutral
current R-parity breaking terms for different experimental set-
ups. The dependence on the size of the detector and time of
running is also shown as well as the current limits. See the text
for a detailed explanation of these couplings.
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From Eq. (25) we can see that the R-breaking terms
appear both in the f% and f* couplings. We take into
account this correlation and we show in Fig. 4 the possible
future sensitivity at 95% C.L. of the neutrino-nucleus
coherent experiments to the parameter

Al
(m3 /100 GeV)

A7l
(m2 /100 GeV)’

27)

1d? 1d%
)‘1]1 - )‘llk

As in previous sections, the possible improvements if the
experimental setup could run with a bigger mass or for a
larger time is shown in Fig. 4. The current constraints for
. &2 &2
these parameters are given by /\l] ;i =0.0121 and /\/11’}( =
0.0001 [45]. Stringent constraints exist for specific values
of k and j, for instance, from neutrinoless double beta
1d?
LA =15X

10~7). We can neglect the A/ldfk parameter and conclude

decay [46] in the particular case k = j =

that the perspectives to improve the sensitivity to )l 11 are
quite promising for this type of experiment.

IV. CONCLUSIONS

We have shown that low energy neutrino experiments
could provide independent and complementary informa-
tion on Z’, leptoquark masses and couplings, and R-parity
violating SUSY interactions. We have calculated the po-
tential of various future low energy neutrino experiments
to either confirm the discovery of extra heavy gauge bosons
at LHC or to constrain their masses.

As concrete coherent neutrino-nuclei interaction pro-
posals, we have discussed the TEXONO case, the stopped
pion source with a noble gas detector, and the beta beams.
In the neutrino-electron-scattering case we have concen-
trated on the Double Chooz experiment. We have found
that a coherent neutrino-nuclei scattering using reactor
neutrinos, such as the TEXONO proposal, or a beta-
beam neutrino source, could have a high sensitivity to
new interactions coming from leptoquarks or R-parity
breaking SUSY, and we showed that the case of a
stopped-pion source experiment could also improve the
current R-parity breaking SUSY constraints. On the other
hand, for this kind of experiments an improved constraint
to extra heavy neutral gauge bosons seems to be difficult.

For the particular case of leptoquarks, we have found
that all the discussed low energy neutrino experiments
have the potential to improve the present bound on lepto-
quark masses and couplings. In particular, the sensitivity to
the vector leptoquark mass is of the order of 800 GeV,
assuming an electroweak value of the coupling, /\5 [Ar =
1/137. For the case of supersymmetry with broken R
parity, the perspectives to improve the constraint on the
A j1 and the corresponding mass for the d; are also very
promising for all the experimental setups.
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Finally, we would like to remark that low energy neu-
trino experiments have great potential to provide us with
indirect information about high energy physics and there-
fore strongly complement accelerator experiments.
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