
PHYSICAL REVIEW D 1 APRIL 1998VOLUME 57, NUMBER 7
Physics beyond the standard model with a new reactor experiment
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We discuss the sensitivity to new physics of a measurement of then̄ee
2→ n̄ee

2 cross section at a nuclear
reactor, with an accuracy as that foreseen for the MUNU experiment. In particular we consider the anomalous

contribution ton̄ee
2 scattering arising from extra doublet scalars fields, additionalZ bosons, and more exotic

particles, such as leptonic photons.@S0556-2821~98!03603-0#

PACS number~s!: 12.60.Cn, 13.10.1q
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I. INTRODUCTION

Two experiments have measured then̄ee
2→ n̄ee

2 cross
section in the few MeV energy range@1,2#. Both experiments
were running close to the core of a nuclear reactor and m
sured only the kinetic energy of the recoiling electron w
plastic or liquid scintillators. The sample of neutrino intera
tions consists of about 460@1# and 200@2# events, respec
tively. The nee

2→nee
2 has been measured at Los Alam

with a fine grained tracking calorimeter exposed to neutri
from muon decay at rest@3#. The statistics, about 240 event
is comparable to that of the reactor experiment, but the n
trino energy, peaked near 33 MeV, is higher.

MUNU @4#, a second generation experiment which w
study then̄ee

2→ n̄ee
2 process, is now ready to take data.

will be performed in the basement of a nuclear reactor
Bugey ~France! at the distance of 18 m from the core. Th
filling gas (CF4 at 5 bar, 18.5 kg! of a 1m3 time projection
chamber is used as an active target. With respect to prev
experiments, two substantial improvements are planne
MUNU: the electron energy and direction will both be dete
mined; about 5000 events will be collected during 2 years
data taking.

In particular the measurement of the electron direct
offers an important handle for background measurement
rejection. The physics potential of MUNU for the study
the neutrino magnetic moment and neutrino oscillations
been discussed in@4# and @5#. In this paper we discuss th
additional physics items which can be studied with a re
tively precise measurement of then̄ee

2 cross section at low
energy. In this respect we shall consider the anomalous
tribution to n̄ee

2 scattering arising from an extra doubl
scalar field, the effect of additionalZ bosons, and more ex
otic interactions, due to leptonic photons.

II. THE n̄EE2 SCATTERING CROSS SECTION

In the Born approximation, the standard model cross s
tion for the
570556-2821/98/57~7!/4160~7!/$15.00
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n̄ee
2→ n̄ee

2 ~1!

scattering is

ds

dT
5

2G2m

p FgR
21gL

2S 12
T

v D 2

2gLgR

mT

v2 G , ~2!

where

gL5
1

2
1sin2uW ,

gR5sin2uW , ~3!

G is the Fermi constant,m is the electron mass,v andT are,
respectively, the energy of the incoming neutrino and
kinetic energy of the scattered electron.

We want to study possible deviations ofn̄ee
2 scattering

from the above behavior. We assume that the experimen
collecting 5000 neutrino interactions and 2500 backgrou
events in the energy region above 0.5 MeV. We take a
systematic error on the cross section measurement, ar
from uncertainties on then̄e spectra ~normalization and
shape! and detector efficiency, as in@4#. We also assume tha
the background events have the same energy distributio
in a well shielded high purity germanium detector@6#.

For the energy resolution we assume a Gaussian distr
tion with a full-width-half maximum of 0.1 MeV for a 0.5
MeV electron and with aAT dependence on the electro
kinetic energyT. These values, rather typical for gas dete
tors at high pressure, are similar to the ones foreseen for
MUNU experiment.

For the angular resolution we assume that the scatte
angle u between the neutrino and the electron is reco
structed in the detector with a Gaussian distribution wh
has the full width half maximumQ shown in Table I as a
function of the electron kinetic energyT.

These values are given by the Moliere theory after a 2 cm
range in CF4 at 5 bar. We shall also discuss the effects o
4160 © 1998 The American Physical Society
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57 4161PHYSICS BEYOND THE STANDARD MODEL WITHA . . .
50% improvement and of a 50% worsening of this angu
resolution. The true resolution of MUNU will probably lie i
between these extrema.

A few remarks are in order here. For a two body fin
state, as the one we are considering here, the electron
tering angle and energy are related by kinematics. There
for a ‘‘perfect’’ experiment the capability of measuring bo
quantities is redundant. However, the above statment
sumes a flux of monoenergetic neutrinos, infinite resolut
for the neutrino energy and scattering angle, and zero b
ground. In real life the capability to measure both the
quantities is extremely useful and is a distinctive feature
the MUNU experiment.

In fact this feature allows for the following.
Background measurement and rejection. Electrons fr

nee
2 scattering will appear only in the forward direction an

therefore signals detected in the backward direction will
used to measure the background even when the react
operating@4#.

Both measurements are affected by a finite resolution
systematic uncertainities. The two measurements do pro
a useful cross check.

Assuming infinite resolution once the electron scatter
angle is measured the initialne energy can be reconstructe
Therefore one can study differential quantities~i.e., ds/dT)
whithout any assumption on the reactor neutrino spect
which is known only at the few per cent level. In practi
this strategy is limited by finite experimental resolutio
however, it turns out that this is a valuable source of inf
mation.

The capability to reconstruct the initialne energy allows a
direct measurement of the reactor neutrino spectrum.

A. Radiative corrections

A complete and detailed account of the full@7# set of one
loop radiative corrections tonee

2 scattering, as well as a
comprehensive set of references, is given in@8#. The same
corrections forn̄ee

2 scattering are obtained by replacin
gL(T)↔gR(T) in the formulas given in@8#. In Fig. 1 the
impact of the radiative corrections is shown. The typical
fect is a correction of about 2.5% mildly dependent on e
ergy and scattering angle. In view of the expected exp
mental sensitivity this appears an important effect and it is
itself remarkable that a low energy neutrino scattering
periment has some sensitivity to the radiative corrections
the one sigma level.

A few comments are in order here.
As noticed in@8#, the given corrections are unphysical

large very close to thee2 energy end point. This is due t

TABLE I. Full width half maximumQ of the angular resolu-
tion.

T @MeV# Q @degree#

0.5 48
0.75 34
1 27
1.5 19
2 15
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neglecting multiple~real and virtual! soft photon emissions
We have checked that, by substituting thef 1,2,12 functions
given in @8# with the same functions but bounded to b
smaller than 30 in absolute value, the results are unchan
at the per mille level. This strongly suggests that the ex
value of f 1,2,12 , in the energy range1 where the perturba-
tive expansion does not hold, is unimportant and that hig
order corrections are inessential. Notice that this is true e
neglecting the experimentale2 energy resolution.

The QED radiative corrections as given in@8# do not ac-
count for the exact dependence on the electron mass
check that this does not affect the final result is theref
important, when analyzing the data, although in the light
the discussion in@8# the effect is expected to be small.

When analyzing experimental data, the corrections du
detectablereal photons emission have to be included.

In summary one loop electroweak corrections are of
order of a few percent, i.e., of the same size as the exp
mental accuracy andhave to be included in the analysis o
experimental data. The theoretical error on then̄ee

2 cross
section induced by neglecting higher order corrections is
low the per mille level and it is therefore completely neg
gible given the foreseen experimental accuracy.

1The definition of this energy range is to a large extent arbitra
What our ‘‘experiment’’ demonstrates is that the value off 1,2,12

is unimportant when one loop QED contributions become lar
than 5%. In practice this means that, once averaged over
tineutrino spectra and energy resolution, one loop radiative cor
tions contribute at most at the level of 3–4 %. Higher order corr
tions are of the order of the square of one loop ones namely
expect that they induce an effect of at most a few per mille.

FIG. 1. Fractional contribution of one loop electroweak corre

tions to n̄ee
2 cross section as a function of the scattering angleu

~a! and thee2 recoil energyT ~b!. ^s0,1& are the Born and one loop

contribution to then̄ee
2 scattering cross section averaged over t

reactor neutrino flux and detector energy resolution.
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4162 57M. MORETTI, C. BROGGINI, AND G. FIORENTINI
In the following we want to discuss the sensitivity of
new reactor experiment, as MUNU, to the effects of phys
beyond the standard model. Just for this purpose we
safely neglect one loop electroweak correction. Indeed, le
write the scattering amplitude asA5ASM1ANP, SM and
NP denoting standard model and new physics contributio
respectively. To assess the sensitivity to new physics ef
what matters is the ratiouANPu/uASMu which will be experi-
mentally detectable. To discuss this issue an estimate ofASM
accurate to few percent is sufficient.

B. Determination of gL and gR

In order to discuss the experimental sensitivity to the p
dictions of the theoretical models, an operative definition
‘‘sensitivity’’ is needed. For a given model we compute t
value of the observables which we are considering. We t
the standard model as a reference value and we assume
the relative statistical error is given by the inverse squ
root of the number of events used to measure the given
servable. We then add in quadrature the estimated statis
and systematic errors~including that induced by backgroun
counts! to obtain the total error. We say that the experime
is sensitive to the theoretical model if this predicts valu
that deviate by at least 1.65s from the reference values.

Once then̄e spectrum and the experimental resolutio
are known, the electron recoil spectra is a function ofgL and
gR ~and of the experimental resolution as well! and therefore
these two parameters can be determined. Figure 2 repre
the sensitivity todgL anddgR shifts with respect to the stan
dard model values, which is achievable with 5000 neutr
interactions and 2500 background events and for the en
and angular resolutions that we have assumed.

The figure has been obtained as follows: for ea
(dgL ,dgR) pair we have determined two values of the rec
kinetic energyTmin and Tmax such that the number of de
tected events withT.Tmin or T,Tmax ~for the sake of con-

FIG. 2. Expected 90% C.L. exclusion contours in thedgL , dgR

~shifts, in absolute value, ofgL,R with respect to their standar
model values! plane. Continuous lines are obtained from the el
tron recoil spectrum (tM and tm variables as defined in the tex
Sec. II B!. Dashed, dot-dashed, and dotted lines are obtained f
the Ru observable~again as defined in the text, Sec. II B! and as-
suming angular resolutionQ, 1.5Q, and 0.5Q, respectively~see
Table I for the definition of the full width half maximumQ).
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ciseness from now on we will refer to these observables
tm and tM , respectively! maximizes the sensitivity to thegL

andgR variations.
We checked that a 50% change in the energy resolu

does not affect the sensitivity todgL and dgR which is
mainly limited by the systematic uncertainties.

We now consider the additional information provided
the reconstruction of the electron scattering angleu. In this
respect we remark that the angular distribution of recoil el
trons is peaked at about 30° and is very small in the v
forward region~zero scattering angle!. This can be used to
discriminate against anomalous signals which, on the c
trary, predicts a sizable forward scattering amplitude.2

To assess the experimental sensitivity we have sele
two binsu0,u,u1 andu2,u,u3 ~the optimal values de-
pending somehow from the angular resolution! and we have
studied the observable defined by the ratio of the event
the two bins, referred to asRu in the following. It is impor-
tant to notice here that this observable isessentially insensi-
tive to the uncertaintieson the antineutrino spectrum. In fac
we have divided the expected antineutrino spectrum i
twenty energy intervals each contributing about 5% each
the total signal. We have then increased or diminished by
~3 times the 1s uncertainty of the spectrum! each of these
contributions in order to maximize the variation of the rat
As a result the variation is always below 1.2% for the b
angular resolution which we have considered. This pro
dure certainly overestimates the theoretical uncertainty
therefore it demonstrates that the observable is free3 of sys-
tematic errors due to the spectrum. The sensitivity of theRu
observable togL ,gR shifts is also shown, as a function of th
angular resolution, in Fig. 2~which also shows the nice co
operation of the two measurements!.

As discussed above the main limitation is of statistic
nature and therefore by increasing the exposure time an
the target size the allowed area can be strongly narrow
Notice that this observable is sensitive only to the ra
gL /gR .

The above discussion implicitly includes the measurem
of sin2uW. Because of its relevance, we discuss here, in so
detail, the accuracy which can be reached. A shift in sin2uW
corresponds to correlated shiftsdgL5dgR . The angular
shape method, namely, theRu observable, provides a usefu
constraint; more precisely we estimate a 1s error of 0.015,
0.022, and 0.03 for the three angular resolutions which
have considered. The best information is provided by
observabletm using electrons with kinetic energy smalle
than 1 MeV. In this case our estimate for the 1s error is

2This is strictly related to thekinematical zeronoticed in@5# al-
though because of the experimental resolution there is no zer
real life. We should mention here that we have analyzed the imp
of the electron recoil angle measurement on both neutrino magn
moment and neutrino oscillation searches and, once we inclu
realistic detector resolution in the analysis, our estimate is less
timistic than that given in@5#.

3With a much larger statistic the statement can become criti
however in this case one can probably define a much more refi
sampling and lower the effect
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57 4163PHYSICS BEYOND THE STANDARD MODEL WITHA . . .
0.014 which should provide the best low energy measu
ment of sin2uW.

Finally, notice that, according to the above estimates,
expect an improvement of a factor 5–10 with respect to p
vious n̄e(ne)e

2 elastic scattering measurements thus rea
ing an accuracy not far from that ofn̄m(nm)e2 ‘‘high en-
ergy’’ experiments.

For comparison in Fig. 3 we report the results of t
CHARMII @9# experiment together with our estimate for th
new reactor experiment. A few words of warning are in ord
here. To comparegV ,gA as obtained inn̄ee

2 and in n̄me2

we have shifted by21 thegL of the reactor experiment.
In the absence of more information we merely report

uncertainty on the quantitiesgV520.02560.019, gA
520.50360.018 as given by the CHARMII Collaboratio
@9#. From CHARMII data one can certainly obtain a standa
ellipsis in thegV ,gA plane.

We believe, however, that this comparison is anyhow u
ful in demonstrating that a new reactor experiment can re
a sensitivity comparable to CHARMII. In summary, th
measurements of the energy and angular distribution pro
complementary information and the experiment will be s
sible to variations ofgL(gR) as small as 5%~10%!

III. ANOMALOUS CONTRIBUTIONS
TO n̄e2 SCATTERING

We will explore the effects of new particles/interactio
contributing to the process~1! analyzing the present bound
on the coupling constants and particles masses and dis
ing the possible improvements. We classify the possible
erators starting from a renormalizable SU(3)3SU(2)L
3U(1)Y invariant Lagrangian and we derive, whenever a
propriate, the effective pointlike four fermions interaction

A. Extra scalar doublets

Let us first consider the addition to the SM Lagrangian
an extra scalar doubleth̃ coupled to the electron

FIG. 3. Expected 90% C.L. exclusion contours in thedgV ,dgA

plane. The result of the CHARMII Collaboration@9#, with 1.65s
error bars, is also shown for comparison. See text for additio
comments.
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Lyuk5 ỹ eL̄eeRh̃ . ~4!

In the limit of largemh̃ , from Eq.~4! we obtain the effective
four fermions Lagrangian

La15
ye

2

mh̃1
2 ēRnen̄eeR1

ye
2

mh̃0
2 ēLeRēReL , ~5!

whereye denotes the Yukawa coupling constant ofe andne

to the scalar doubleth̃ .
We will be mostly interested in the term involving neutr

nos which, after Fierz reordering, becomes

La18 5
2ye

2

2mh̃1
2 ēRgmeRn̄egmne . ~6!

From a practical point of view this amounts to a redefiniti
of the coefficientgR in Eq. ~2!:

gR→gR1
ye

2A2

8mh̃1
2

GF

. ~7!

The only direct limits on effective interactions~6! come from
previous measurements ofne( n̄e)e

2 cross section which
give dgR,0.8 from @3# ~reflecting the poor sensitivity o
nee

2 experiments togR) anddgR,0.1–0.4 fromn̄ee
2 @1,2#

experiments.4 Limits coming from the nonobservation of th
h̃1 particle can always be evaded by pushing up the valu
mh̃1 and will not be considered here.

An indirect bound can be derived frome1e2→e1e2

scattering which would receive a contribution fromh̃0 ex-
change. This bound reads@12# ye

2/mh̃0
2

<3.031026 at the

95% C.L. Although after SU(2) breaking theh̃0,1 masses
become unrelated, a useful insight can be derived from
assumptionmh̃0.mh̃1 which would implydgR,0.05.

So far the analysis has been purely phenomenological
the grounds of the effective Lagrangian~6! with the only
extra requirement that the standard model gauge symme
are not spoiled. It is of interest to consider the interaction~4!
in the framework of some theoretical models. Among the
we recall the models for the radiative generation of neutr
masses~i.e., the Zee model@10# and its many variants! and
supersymmetric models withR parity breaking@11#.

In general, for Zee-like models the above discuss
bounds apply with no further constraint. On the other ha
for supersymmetry~SUSY! models withR parity breaking
some extra constraint can appear because of the super
metric nature of the theory. The two natural candidates foh̃

in these models are the muon and tau spartnert̃ and m̃,

4This range has to be understood as purely orientative. No di
limit is quoted in the above papers and the limit is inferred from
quoted cross section and the relative error. We give a range ra
than a definite value because we do not know the detection
ciency as a function of the positron energy.
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respectively. In this framework bounds onye
5 have been

discussed in@13#. The bound onm̃ comes from the compari
son of GF as determined fromm decay and from semilep
tonic b decays and it is the tighter one. The looser constra
applies to thet̃ couplings for which two very similar bound
can be derived by comparing the ratios f
(t→n n̄e)/(t→n n̄m) and (t→n n̄e)/(m→n n̄e) with their
standard model values. Both comparisons yi
gR(mẽR

2 /mt̃ L

2 ),0.0126 at the 90% C.L., whereẽR is the su-

persymmetric partner of the right handed electron. If a
proximate slepton masses degeneracyis assumed,mẽR

.mt̃ L
, the above bound can be directly applied to Eq.~4!. If

this assumption is removed„and this is reasonable for thet
slepton in large tanb @14# models, inspired by SO(10) gran
unification, or several grand unified theories~GUT!, due to
the effect of the top Yukawa coupling around the GUT sc
@15#… we are left only with the previously discussed boun

Let us summarize the above discussion. The effect of
interaction~4! can be translated into a a shift ingR , as in Eq.
~7!, which is constrained by direct limits fromn̄e(ne)e

2

experiments,dgR,0.1–0.4, limits from e2e1 scattering,
dgR(mh̃1

2 /mh̃0
2 ),0.05, and in the framework of SUSY mod

els with R parity breaking,dgR(mẽR

2 /mt̃ L

2 ),0.012.

As can be seen from Fig. 2 the expected sensitivity o
new reactor experiment isdgR.0.03 from tM ,tm observ-
ables anddgR.0.017, 0.023, 0.032 from theRu observable
for the three angular resolutions which we have conside

A final remark is in order: since the interaction~4! is
peculiar ton̄e ande2, i.e., it violates lepton universality, the
bounds fromnme2 scatteringdo not apply.

5In R parity breaking supersymmetric modelsye is conventionally

denoted asl121 andl131 for m̃ and t̃ , respectively.
6The bound is stronger than the one given in@13# since experi-

mental measurements have improved so far.

FIG. 4. Expected sensitivity to a new massive neutral ga
boson with massMZ8 and couplingszL,R to left- and right-handed
electrons as in Eq.~8!. The continuous line is the expected low
bound obtained by considering the electron recoil energy whe
dashed and dot-dashed lines include also the angular informa
The notation is the same as in Fig. 2.
t
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B. Z8

A new Z boson would give an additional neutral curre
contribution to n̄ee

2 scattering. In the following we will
neglectZ,Z8 mixing since the LEP-I experiments are pa
ticularly sensitive to this possibility and therefore the exi
ing bounds are far beyond the sensitivity of a reactor exp
ment.

The relevant Lagrangian is

LZ5zL L̄eẐ8Le1zRēRẐ8eR , ~8!

whereẐ85Zm8 gm. In the largemZ8 limit this gives an effec-
tive four fermions coupling analogous to that due to the
dinary Z and implies the following shifts ingL andgR

gL→gL1
A2zL

2

4GFmZ8
2 ,

gR→gR1
A2zLzR

4GFmZ8
2 . ~9!

The explorable region is shown in Fig. 4. Without any a
sumptions about theZ8 couplings to leptons and quarks th
only existing bounds are again fromne( n̄e)e

2 and e1e2

scattering as given in the previous sections.
It is of interest to discuss the sensitivity to a few amo

the most popular theoretical models predicting aZ8 boson.
For the left-right@16# Z8 the couplingszL,R are

zL5
e

cosuW

1

a
, zR5

e

cosuW
S a2

1

a D , ~10!

wheree is the electromagnetic charge,uW is the Weinberg
angle, anda is a model dependent parameter (a5A2 corre-
sponds to manifestly left-right symmetric models!. In Fig. 5
the sensitivity tomZ8 as a function ofa is given. It is com-
parable to that of the CDF experiment@17# which, however,

e

as
n.

FIG. 5. Expected sensitivity to the left-right symmetricZ8 as a
function of the parametera @see Eq.~10!# The notation is the same
as in Fig. 4. The cross denotes the CDF lower bound@17# for the
value ofa corresponding to manifestly left-right symmetric mode
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relies on suitable assumptions on theZ8 decay modes, i.e.
that theZ8 decays mainly into known particles.

Another class of interesting models are the exten
grand unified theories~GUTs! based on theE6 gauge group
@18# ~which arises naturally at the scaleMGUT, as a limit of
a wide class of phenomenologically interesting superstr
theories!. In these models theZ8 arises as a mixture of two
extra U(1) gauge bosons~again neglecting mixing with the
standardZ), Z85cosbZx1sinbZc , with couplings

zL5
e

cosuW
S 3

A6
cosb1

A10

6
sinb D ,

zR5
e

cosuW
S 1

A6
cosb2

A10

6
sinb D . ~11!

The sensitivity tomZ8 as a function of cosb is presented in
Fig. 6; at least for a sizable range ofb, it is comparable with
existing bounds from CDF@17# and it is free of assumption
about theZ8 decay modes.

We quote also the expected bounds for the stand
modelZSM8 , i.e., a gauge boson with the same couplings
the Z boson:

mZ
SM8 >430, 370, 300 GeV ~12!

for the three angular resolutions which we have conside
This has to be compared with the best limit of 505 GeV fro
the collider Detector at Fermilab~CDF! @17# ~which, how-
ever, depends on the assumptions about theZ8 decay
modes!.

C. Leptonic photon

The possibility of an extra massless gauge boson~para-
photon! coupled only or mainly to leptons@19#, has been
considered. Elastic neutrino scattering provides string
bounds on these exotic interactions.

FIG. 6. Expected sensitivity to theE6Z8. Same notation as in
Fig. 4 andb as in Eq.~11!. The cross denotes the CDF lower bou
@17# for the value ofb corresponding to the so calledZc , Zh , and
Zf models.
d

g

rd
s

d.

nt

For generality, we assume different U~1! chargesQL,R for
the eL,R fields7 and we neglect the issue of anomaly canc
lation ~which can be achieved by a proper assignment
charges to particles other thanne ande2).

The Lagrangian of relevance tone( n̄e)e
2 scattering is

L5QLL̄eÂlLe1QRēRÂleR , ~13!

whereAl denotes the paraphoton field.
UsingT dependentgL andgR we can still recast the cros

section in the form~2! with the shift

gL→gL1
QL

2

8meT

A2

GF
5gL13.131010

QL
2

T~MeV!
,

gR→gR13.131010
QLQR

T~MeV!
.

In Fig. 7 we report the estimated sensitivity of a reac
experiment such as MUNU in theQL

2 , QLQR plane, it ap-
pears that a sensitivity at the level ofa l5QL

2/(4p);10213

will be achieved.

IV. CONCLUSIONS

In a survey of the physical items which can be stud
with a relatively accurate measurement ofn̄e(ne)e

2 scatter-
ing we have considered, particularly, the information fro
the measurement of the electron scattering angle. We
mate thatgL andgR will be measured with an accuracy of
and 10 %, respectively. This information can be recasted
sensitivity to signals of new physics.

In particular we considered the following. A new charg
scalar boson of massM coupled tone ande2 with strength

7In the original proposal of these exotic gauge bosons only
QL5QR case is considered, however, there is no compelling rea
for this assumption neither theoretical nor phenomenological.

FIG. 7. Expected sensitivity to neutrino-photon~paraphoton!
coupling. The continuous line is obtained from the electron rec
spectrum (tM and tm as defined in the text, Sec. II B!, the region
outside the contour will be ‘‘excluded’’ at 90% C.L. Dashed, do
dashed, and dotted lines have the same meaning as in Fig. 2.
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y. Its effects are detectable for

y2A2

8M2GF

.0.015– 0.03. ~14!

A new neutral massive gauge bosonZ8. Using as para-
digms E6 grand unification models and left-right symmet
models we estimate a sensitivity up toZ8 masses of 400–450
GeV.

Paraphotons. Their effect is detectable even for a co
pling strength eleven orders of magnitude below the elec
magnetic one.
d

ys

D

-

We thus foresee an important improvement on the se
tivity to these new particles with respect to previo

n̄e(ne)e
2 experiments. The explorable region in the para

eter space significantly overlaps with that of the Tevatr
collider; in addition one does not rely onad hocassumptions
about new particles decay modes as in collider experime
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