
PHYSICAL REVIEW D, VOLUME 61, 053005
Can lepton flavor violating interactions explain the atmospheric neutrino problem?
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We investigate whether flavor changing neutrino interactions~FCNIs! can be sufficiently large to provide a
viable solution to the atmospheric neutrino problem. Effective operators induced by heavy boson exchange that
allow for flavor changing neutrino scattering off quarks or electrons are related by anSU(2)L rotation to
operators that induce anomalous tau decays. SinceSU(2)L violation is small for new physics at or above the
weak scale, one can use the upper bounds on lepton flavor violating tau decays or on lepton universality
violation to put severe, model-independent bounds on the relevant non-standard neutrino interactions. Also
Z-induced flavor changing neutral currents, due to heavy singlet neutrinos, are too small to be relevant for the
atmospheric neutrino anomaly. We conclude that the FCNI solution to the atmospheric neutrino problem is
ruled out.

PACS number~s!: 14.60.St, 13.15.1g, 14.60.Pq, 95.55.Vj
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I. INTRODUCTION

Several atmospheric neutrino~AN! experiments@1–4# ob-
serve an anomalous ratione /nm in the atmospheric neutrino
flux. This long-standing AN problem has been confirmed
the recent Super-Kamiokande high-statistics observat
@4#, which give strong evidence that the standard mo
~SM! description of the neutrino sector is incomplete. T
standard solution to the AN anomaly in terms of neutri
oscillations requires that neutrinos are massive, and
there is mixing in the lepton sector. Then,nm→nt oscilla-
tions can explain the atmospheric neutrino data provided
the relevant mass-squared difference isDAN;1023 eV2 and
the muon and tau neutrinos have large vacuum mix
angles, sin 2uAN;1.

Recently, an alternative solution, where the AN anom
is induced by non-standard neutrino interactions has b
proposed@5–8#. In this scenario the neutrinos are assumed
be massless, but they are subject to non-standard inte
tions. For neutrino propagation in matter, flavor chang
neutrino interactions~FCNIs! induce an off-diagonal term in
the effective neutrino mass matrix, while non-universal fl
vor diagonal interactions generate the required splitting
tween the diagonal terms.A priori such a scenario is wel
motivated, since many extension of the SM predict new n
trino interactions. Moreover, it is well known that one cann
explain the atmospheric@9#, solar@10# and Liquid Scintilla-
tion Neutrino Detector~LSND! @11# neutrino anomalies with
three light neutrinos. Thus, rather than ignoring one of
results or introducing a fourth, light sterile-neutrino@12#, it is
interesting to investigate whether FCNIs can explain any
the three neutrino anomalies@13#.

The two effective parameters that describe the n
standard interactions ofnm andnt are @14,15,6–8#

en
f [

Gnmnt

f

GF
and e8n

f [
Gntnt

f 2Gnmnm
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GF
, ~1.1!
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whereGnanb

f (a,b5m,t and f 5u,d,e) denotes the effective

coupling of the four fermion operator

O n
f [~nanb!~ f̄ f !. ~1.2!

The Lorentz structure ofO n
f depends on the new physics th

induces this operator. Operators which involve only le
handed neutrinos~and which conserve total lepton numbe!
can be decomposed into a (V2A) ^ (V2A) and a (V2A)
^ (V1A) component.~Any single new physics contribution
that is induced by chiral interactions yields only one of the
two components.! It is, however, important to note that onl
the vector part of the background fermion current affects
neutrino propagation for an unpolarized medium at rest@16#.
Hence only the (V2A) ^ (V) part ofO n

f is relevant for neu-
trino oscillations in normal matter. One mechanism to indu
such operators is due to the exchange of heavy bosons
appear in various extensions of the standard model. An
ternative mechanism arises when extending the fermio
sector of the standard model and is due toZ-induced flavor-
changing neutral currents~FCNCs! @17,18#.

Recent analyses@6–8# of non-standard neutrino interac
tions as a possible solution to the atmospheric neutrino d
suggest that FCNIs can provide a good fit to the data p
vided that

en
q ,e8n

q*0.1 or en
e ,e8n

e*0.3. ~1.3!

In Refs. @6–8# only new interactions involving thed quark
were considered. Since the Earth is electrically neutral
its neutron to proton ratio is close to unity, we conclude th
the required values foren

q and e8n
q are similar forq5d,u,

while those foren
e ande8n

e are larger by a factor of three.
The authors of Refs.@19,20# argue that such a scenar

does not lead to a good description of the data. In this pa
we do not try to resolve this issue, but investigate whet
©2000 The American Physical Society05-1
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the lower bounds onen
f and e8n

f in ~1.3! are at all phenom-
enologically viable. The authors of Ref.@8# have estimated
the upper bounden

d&0.121.0 from the low energynm neu-
tral current cross section, concluding that FCNIs could
relevant for the AN anomaly. In Ref.@21# specific models
that could giveen

f and e8n
f as large as in Eq.~1.3! were

discussed. We argue, however, that model-independently
upper bounds from related, charged lepton decay data im
that en

f or e8n
f can be at most at the one-percent level. Th

we conclude that FCNIs do not play a significant role for t
atmospheric neutrino problem.

In Sec. II we investigate in a model-independent fram
work the constraints on FCNIs that are induced by he
boson exchange. In most cases the upper bounds on le
flavor violating tau decays, in particulart2→m2 M (M
5p0,r0,h) andt2→m2 e1 e2, imply stringent constraints
on en

f that are inconsistent with Eq.~1.3!. In the remaining
cases severe constraints one8n

f are derived using bounds o
lepton universality violation. In Sec. III we show that als
Z-induced FCNCs, that arise due to heavy singlet neutrin
cannot be large enough to explain the AN anomaly. We c
clude in Sec. IV.

II. FLAVOR CHANGING NEUTRINO INTERACTIONS
INDUCED BY HEAVY BOSON EXCHANGE

A. Formalism

The analysis of FCNIs that could be relevant for the A
problem is similar to the discussion in Ref.@13#, where the
possibility that FCNIs explain the LSND results@11# was
ruled out. In general, the presence of a heavy bosonB that
couples to fermion bilinearsBi j with the trilinear couplings
l i j , wherei , j 51,2,3 refer to fermion generations, gives ri
to the four fermion operatorBi j

† Bkl with the effective cou-
pling

GN
B†B5

l i j* lkl

4A2MB
2 , ~2.1!

at energies well below the boson massMB . Thus, in terms of
the trilinear couplingla f that describes the coupling of som
heavy bosonB to na (a5m,t) and a charged fermionf
5u,d,e the effective parameters in Eq.~1.1! are given by

en
f 5

lt f* lm f

4A2MB
2GF

and e8n
f 5

ult f u22ulm f u2

4A2MB
2GF

. ~2.2!

The crucial point of our analysis is the following: Since t
SM neutrinos are components ofSU(2)L doublets, the same
trilinear couplingsla f that give rise to non-zeroen

f or e8n
f

also induce other four-fermion operators. These operators
volve theSU(2)L partners of the neutrinos, i.e., the charg
leptons, and can be used to constrain the relevant coupl

In order to obtain a complete list of these operators
note that Lorentz invariance implies that any fermionic bil
ear Bi j can couple to either a scalar (S) or a vector (V)
boson. If the two fermions of the bilinear have the sa
~opposite! chirality they require scalar~vector! couplings. To
05300
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form a gauge invariant trilinear coupling, the bosonB must
have opposite hyperchargeY and transform in the appropri
ate representation ofSU(2)L and SU(3)C . Since the SM
neutrinos only appear in doublets ofSU(2)L and since all
right-handed~left-handed! charged fermions transform a
SU(2)L singlets~doublets!, it follows that any bosonB that
couples to the fermionic bilinear can only be a singlet (s), a
doublet~d! or a triplet ~t! of SU(2)L . All relevant bilinears
containing only leptons are listed in Table I, and those t
are built from a lepton doublet and a quark are listed in Ta
II. In Table III we list the relevant diquark bilinears, namel
those that can couple toL̄L. HereQ and L denote the left-
handed SM quark and lepton doublets, andeR ,uR ,dR refer
to the right-handed SM singlets. Some of these coupli
appear in well known extensions of the standard model.
example, in supersymmetric models withoutR-parity ~SUSY
R” p) @22#, fermion bilinears can couple to left-handed sle
tons (L̃c), right-handed sleptons (l̃ R

c ), left-handed squarks

(Q̃c) and right-handed down squarks (d̃R
c ), as indicated in

the third column of the tables. An example for a scalar trip
is theDL in left-right symmetric models~LRSMs! @23#.

In general any two bilinears appearing in Tables I–III th
couple to the same boson can be combined to a four ferm
interaction with effective coupling as given in Eq.~2.1!. In
order to generate a non-zeroen

f or e8n
f in Eq. ~2.2! at least

one of the bilinears has to contain a lepton doubletL.
Clearly, four fermion operators that are the product of o
bilinear and its Hermitian conjugate can be constructed
the two bilinears have the same~different! flavor structure
the resulting operator will conserve~violate! lepton flavor. In

TABLE II. Lepton-quark bilinears.

Bilinear B Couples to bosonB Example (M1 /M2)max
2

(LQ)s S(3̄,1,1/3) d̃R
c ~SUSY R” p)

L̄dR S(3̄,2,21/6) Q̃c ~SUSY R” p) 5.2

L̄uR S(3̄,2,27/6) 3.6

(LQ) t S(3̄,3,1/3) 2.5

(L̄Q)s V(3̄,1,22/3)
LdR V(3̄,2,5/6)
LuR V(3̄,2,21/6)

(L̄Q) t V(3̄,3,22/3)

TABLE I. Lepton-lepton bilinears.

Bilinear B Couples to bosonB Example (M1 /M2)max
2

(LL)s S(1,1,1) l̃ R
c ~SUSY R” p)

L̄ l R
S(1,2,1/2) L̃c ~SUSY R” p) 6.8

(LL) t S(1,3,1) DL ~LRSM! 5.9

(L̄L)s
V(1,1,0)

Ll R V(1,2,3/2)

(L̄L) t
V(1,3,0)

eReR V(1,1,0)
5-2
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addition, the (L̄L) bilinear can couple to (eR̄eR) or to any of
the quark-quark bilinears in Table III inducing four-Ferm
interactions of the form (L̄L)(eR̄eR), (L̄L)(Q̄Q), (L̄L)
3(uR̄uR), and (L̄L)(dR̄dR).

Note that scalar or vector fields that transform identica
under the unbrokenSU(3)C^ U(1)EM symmetry can mix. If
this mixing is between a doublet and a singlet or a triplet
resulting operators violate total lepton number and are
relevant for our analysis. In the case of singlet-triplet mixi
no new operators are generated. Therefore this kind of m
ing does not affect our conclusions and we neglect it.

To demonstrate howSU(2)L related processes can b
used to constrain the parametersen

f or e8n
f , let us consider for

example the bilinearL̄ f R( f 5e,u,d) that couples via a scala
doublet to its Hermitian conjugatef RL. In terms of the com-
ponent fields the effective interaction is

la f* lb f

M1
2 ~na f R!~ f Rnb!1

la f* lb f

M2
2 ~ l a f R!~ f Rl b!

52
la f* lb f

2M1
2 ~nagmnb!~ f Rgm f R!

2
la f* lb f

2M2
2 ~ l agml b!~ f Rgm f R!, ~2.3!

where l a5mL ,tL for a5m,t. la f is the trilinear coupling
of La f R to the scalar doublet andM1,2 denote the masses o
its SU(2)L components. The important point is that the sc
tit

or

ts
e

in
h

05300
e
ot

x-

-

lar doublet exchange not only gives rise to the four-Fer
operatorO n

f in Eq. ~1.2! ~with (V2A) ^ (V1A) structure!,
but also produces theSU(2)L related operator

O l
f[~ l al b!~ f̄ f !, ~2.4!

which has the same Lorentz structure asO n
f , but where the

neutrinos are replaced by their charged lepton partn
Moreover, the effective coupling ofO l

f , that we denote by
Gab

f , is related toGnanb

f by

Gnanb

f 5Gab
f

M1
2

M2
2 . ~2.5!

Constructing all the relevant four fermion operators that
induced by the couplings between the bilinears listed
Tables I–III, one finds that in generalO l

f is generated to-

gether withO n
f 8 . Here f 8 can be different fromf only for

interactions with quarks, that is in some casesO l
u (O l

d) is
generated together withO n

d (O n
u). The leptonic operatorO l

e

is always generated together withO n
e unless the interaction

is mediated by an intermediate scalarSU(2)L singlet that
couples to

~LaLe!s5
1

A2
~na

c eL2 l a
c ne!, ~2.6!

wherel a5mL ,tL for a5m,t, with the elementary coupling
lae . The coupling of (LaLe)s to (LbLe)s

† that is mediated by
a scalar singlet of massM yields the effective interactions
lbe* lae

M2
@~eLnb

c !~na
c eL!2~eLnb

c !~ l a
c ne!1~nel b

c !~ l a
c ne!2~nel b

c !~na
c eL!# ~2.7!

5
lbe* lae

2M2
@~eLgmeL!~nbgmna!2~eLgmne!~nbgml a!1~neg

mne!~ l bgml a!2~neg
meL!~ l bgmna!#, ~2.8!
the

us
where we used a Fierz transformation and the iden
AcgmBc52BgmA to obtain Eq.~2.8!. One can see that in
this caseO n

e is generated together with three more operat
that have the same effective coupling~up to a sign!. How-
ever, unlike for the case of intermediate doublets or triple
all these operators involve two charged leptons and two n
trinos.

B. Experimental constraints

There is no experimental evidence for any non-vanish
Gmt

f . Therefore, wheneverO l
f is generated together wit

O n
f , one can use the upper bounds onGmt

f to derive con-
straints onGnmnt

f . The most stringent constraint onGmt
e is

due to the upper bound ont2→m2 e1 e2 @24,25#:
y

s

,
u-

g

BR~t2→m2 e1 e2!,1.731026. ~2.9!

Normalizing the above bound to the measured rate of
related lepton flavor conserving decay, BR(t2→m2nm̄nt)
50.17 @25#, we obtain

Gmt
e ,3.131023GF . ~2.10!

To constrainGmt
q we may use the upper bounds on vario

semi-hadronic tau decays that violate lepton flavor@24,25#:

BR~t2→m2 p0!,4.031026, ~2.11!

BR~t2→m2 r0!,6.331026, ~2.12!

BR~t2→m2 h!,9.631026, ~2.13!
5-3
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BR~t2→m2 p1p2!,8.231026. ~2.14!

Let us first consider the tau decays intop0 and r0. Since
these mesons belong to an isospin triplet we can use
isospin symmetry to normalize the above bounds~2.11! and
~2.12! by the measured rates of related lepton flavor cons
ing decays. Using BR(t2→ntp

2)50.11 @25# and BR(t2

→ntr
2)50.22 @26,25# we obtain

Gmt
q ~p!,8.531023GF and Gmt

q ~r!,7.531023GF .
~2.15!

Since thep (r) is a pseudoscalar~vector! meson its decay
probes the axial-vector~vector! part of the quark current.

In general, any semi-hadronic operatorO l
q can be decom-

posed into anI 50 and anI 51 isospin component. Only th
effective coupling of the latter can be constrained by
upper bounds on the decays into final states with isove
mesons, like thep and ther. If the resulting operator is
dominated by theI 50 component, the bounds in Eq.~2.15!
do not hold. But in this case we can use the upper bound
BR(t2→m2 h) in Eq. ~2.13!. Since theh is an isosinglet,
isospin symmetry is of no use for the normalization. Ho
ever, we can estimate the proper normalization using
relation between theh and p hadronic matrix elements
which is just the ratio of the respective decay consta
f h / f p.1.3 @26,25#. Taking into account the phase space
fects, we obtain from Eq.~2.13! that

Gmt
q ~h!,1.231022GF . ~2.16!

Since theh is a pseudoscalar meson its decay probes
axial-vector part of theI 50 component of the quark curren
while the neutrino propagation is only affected by the vec
part. As we have already mentioned, for any single ch
new physics contribution the vector and axial-vector pa
have the same magnitude and we can use Eq.~2.16! to con-
strain the isosinglet component ofO l

q . In case there are sev
eral contributions, whose axial-vector parts cancel each o
~a vector singletV(1,1,0) that couples to all the diquark sin
glets of Table III with the same strength would lead to su
a scenario!, theI 50 component could still be constrained b
the upper bound on BR(t2→m2 p1p2) in Eq. ~2.14!.
While the calculation of the rate is uncertain due to our
norance of the spectra and the decay constants of the
inglet scalar resonances, we expect that the normaliza
will be similar to that of thep, r, andh discussed before
Finally we note that the decayt2→m2v would be ideal to
constrain theI 50 vector part, but at present no upper bou
on its rate is available.

TABLE III. Quark-quark bilinears.

Bilinear B Couples to bosonB

(Q̄Q)s
V(1,1,0)

uRuR V(1,1,0)
dRdR V(1,1,0)

(Q̄Q) t
V(1,3,0)
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While one can always fine-tune some parameters in o
to avoid our bounds, our basic assumption is that this is
the case. Thus from Eqs.~2.10!, ~2.15! and ~2.16! we con-
clude that the effective couplingGmt

f could be at most at the
one-percent level.

We still have to discuss the case of the intermediate sc
singlet that couples to (LL)s inducing the effective interac
tions in Eq.~2.8!. SinceO n

e is not generated together wit
O l

e but only with operators that involve two charged lepto
and two neutrinos, the decayt2→m2 e1 e2 is of no use to
constrain the effective couplings. However, since the eff
tive operators in Eq.~2.8! contain only left-handed fermion
rather strong bounds can be derived on the flavor diago
terms using lepton universality. The reason is that the co
sponding interactions are identical to the SM ones and h
to be added coherently.

Settinga5b5m,t the last term in Eq.~2.8! induces ad-
ditional contributions tol a→eLnane with the effective cou-
pling

Gnana

e 5
ulaeu2

4A2M2
. ~2.17!

These new contributions violate lepton universality and le
to a deviation of the parameter

Rt/m[A1

N

G~t2→e2ntne!

G~m2→e2nmne!
'11

Gntnt

e 2Gnmnm

e

GF

~2.18!

from unity. HereN denotes a normalization factor, which
just the ratio of the above two rates in the SM such t
Rt/m51 if Gnana

e 50. In the approximation we assume th

Gnana

e !GF(a5m,t). From the most recent experiment

data@27,25# it follows that

Rt/m51.000860.0030, ~2.19!

implying that

e8n
e5

Gntnt

e 2Gnmnm

e

GF
,3.831023. ~2.20!

Here we used thatO n
e has the same effective coupling as t

related operator that induces the new contribution tol a

→eLnan ē.
Finally we remark that we can use lepton universal

violation not only to constrain the interactions induced by
intermediate singlet, but our argument holds also whene
an SU(2)L related operator induces additional contributio
to the SM weak interactions. The bounds on lepton univ
sality violation in semi-hadronic processes@27# are of similar
order as the bounds for the leptonic processes that appe
the definition ofRt/m in Eq. ~2.18!. Consequently analogou
arguments as those leading to the upper bound one8n

e in Eq.
~2.20! can be used to constraine8n

q . Since all involved fer-
mions have to be left-handed this only applies for interm
5-4
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diate singlets or triplets ofSU(2)L . For the triplets the ef-
fective couplings of the relevant operators may differ due
SU(2)L breaking effects, which we will study next.

C. Constraining SU„2…L breaking effects

If SU(2)L breaking effects are negligible thenGnanb

f is

equal toGab
f . Comparing the experimental bounds~2.10!,

~2.15!, ~2.16! and ~2.20! with ~1.3!, we find that in the
SU(2)L symmetric limit the new neutrino interactions th
we considered cannot have a significant contribution to
AN anomaly.

The excellent agreement between the SM predictions
the electroweak precision data implies thatSU(2)L breaking
effects cannot be large. To show that they cannot sufficie
weaken the upper bounds onen

f anden8
f to be consistent with

Eq. ~1.3!, we recall from Eq.~2.5! that in general the ratio o
the couplings,Gnanb

f /Gab
f , is given by ratioM1

2/M2
2 . Here

M1 andM2 are the masses of the particles belonging to
SU(2)L multiplet that mediate the processes described
Gab

f andGnanb

f , respectively. IfM1ÞM2 this multiplet will

contribute to the oblique parameters@28# S,U and, most im-
portantly,T. Then we can use a fit to the precision data
determine the maximally allowed ratio (M1 /M2)max

2 .
We use the programGAPP by Erler @29# to calculate the

SM predictions. For the latest precision data from theZ-pole
@30#, theW-boson and top quark masses@31,32#, deep inelas-
tic scattering @33#, neutrino-electron scattering@34# and
atomic parity violation@35#, we obtain the best fit values o
the oblique parameters:

S520.0760.11, T520.1060.14, U50.1160.15.
~2.21!

We calculate the contributions toS, T, andU from the vari-
ous scalar representations in Table I and Table II and de
mine the best fit to the data at each value of the mass s
ting. The best fit Higgs boson massMH varies with the
splitting, and we limit the Higgs boson mass to the ran
95 GeV,MH,1 TeV. Constructing ax2 function we de-
termine the upper bound on the mass splitting between
different members of a multiplet at a given confidence le
~C.L.!. The individual 90% C.L. bounds on (M1 /M2)2 are
given in the last column of Table I and Table II.@Note that
the limit on (M1 /M2)2 is stronger if the lightest mass i
heavier. From theZ-width measurement, the lightest ma
must be heavier thanMZ/2, and the bounds presented in t
tables are derived for the case where the lighter mass i
GeV.#

We did not calculate the bounds for the vector multiple
Since vector bosons give in general larger contributions,
expect the bounds in the vector cases to be as good or b
than the corresponding bounds for the scalar multipl
Thus, for the vector multiplets a rather conservative up
bound is (M1 /M2)2,7.

Hence, even the maximal possibleSU(2)L breaking ef-
fects could weaken the bounds we derived only by a facto
a few anden

f ,e8n
f cannot exceed the few-percent level. W
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learn that also the flavor changing neutrino scatteringnm f
→nt f induced by heavy bosons, that are doublets or trip
of SU(2)L , cannot significantly contribute to the AN
anomaly.

III. Z-INDUCED FLAVOR CHANGING NEUTRAL
CURRENTS

In the previous section we considered models where
only modification to the neutrino sector is due to new int
actions mediated by heavy bosons. In this section we st
the opposite scenario, where new fermions are added, bu
extra bosons beyond the SM ones are needed. As an exa
we considerZ-induced FCNCs that arise when introducing
heavy sterile neutrino. Such SM gauge singlets, which
pear in many extensions of the standard model, are
quently employed to explain the smallness of the neutr
masses via the see-saw mechanism@36#.

The basic idea forZ-induced FCNCs is that if a neutrin
interaction eigenstate is a linear combination of light a
heavy mass eigenstates then the effective low-energy in
action eigenstates, that consist only of light mass eigensta
are not orthogonal to each other@37#. Thus the couplings to
the Z-boson ~and in fact also to theW-boson! have to be
modified slightly, implying that also the effective Hami
tonian that describes the neutrino propagation in matter
to be changed.

In Ref. @18# a general discussion ofZ-induced FCNCs and
their impact on neutrino oscillations has been presented
the context of the AN problem we illustrate the mechani
by considering a simple framework where besides the
neutrinosnm andnt there is only one new gauge singletnS .
~For simplicity we assume that thene does not play an im-
portant role here.! These interaction eigenstates are co
nected to the mass eigenstates by a unitary transformati

S nm

nt

nS

D 5S Um1 Um2 Umh

Ut1 Ut2 Uth

US1 US2 USh

D S n1

n2

nh

D , ~3.1!

where n1 and n2 denote the light andnh the heavy mass
eigenstates. The neutrinos that are produced in low-ene
charged-current interactions together with charged leptonm
andt are

S nm
P

nt
PD 5S Um1 Um2

Ut1 Ut2
D S n1

n2
D , ~3.2!

i.e., we have projectednm and nt onto then12n2 plane.
Since the mixing matrix appearing in Eq.~3.2! is only a
submatrix of the unitary matrix in Eq.~3.1!, nm

P andnt
P are

not orthogonal to each other

^nm
Punt

P&5Um1* Ut11Um2* Ut252Umh* Uth ~3.3!

and also not properly normalized. Consequently these st
do not provide a proper basis for the neutrino oscillati
formalism.
5-5
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The description of neutrino oscillation in the presence
heavy gauge singlets has been worked out in Ref.@18#. The
main result is that the effective non-unitary mixing induce
flavor off-diagonal contribution in the matter-induced ne
trino potentialVFCNC . The effect is proportional to the neu
tron density and its size is characterized by the ratio betw
VFCNC and the standard~flavor diagonal! neutral current
~NC! potentialVNC :

en
Z5

VFCNC

VNC
.uUmh* Uthu. ~3.4!

The approximation refers to the simple example we d
cussed previously. It reveals that the effect is in gene
small, since it is proportional to the components of t
known neutrinos along the heavy mass-eigenstates, w
cannot be large. TheZ-induced FCNCs cannot be con
strained by theSU(2)L-related charged lepton decay, that w
used before in the context of FCNIs due to heavy part
exchange, but one can obtain a stringent constraint onen

Z

from a global fit using lepton universality, Cabibbo
Kobayashi-Maskawa~CKM! unitarity, and the measuredZ
invisible decay width@38#. The updated analysis in@18#
yields the conservative bounds~at 90% C.L.!

uUmhu2,0.0096 and uUthu2,0.016. ~3.5!

We conclude that the parameteren
Z in Eq. ~3.4! cannot ex-

ceed the few-percent level. Therefore from Eq.~1.3! it fol-
lows thatZ-induced FCNC effects are too small to be re
evant for the AN problem.

IV. CONCLUSIONS

Extensions of the standard model in general do not c
serve lepton flavor and therefore provide an alterna
mechanism for neutrino flavor conversion that may show
in neutrino oscillation experiments. While such a scena
where flavor changing neutrino interactions~FCNIs! explain
one of the three neutrino anomalies isa priori well moti-
vated, one has to check carefully whether these solutions
phenomenologically viable. In@13# it was shown that FCNIs
cannot be large enough to explain the LSND anomalies
W
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In

this paper we argue that it is also very unlikely that the A
anomaly is due to FCNIs. Both analyses rely on three fa

The neutrino flavor changing four fermion operator that
induced by the exchange of a heavy boson is related by
SU(2)L rotation to other operators that violate lepton flavo

The strength of these related operators is severely c
strained by the upper bounds on lepton number violat
processes.

High precision measurements imply that the violation
the SU(2)L symmetry is not large for new physics at o
above the weak scale. Consequently the upper bounds o
operators that induce FCNIs are of the same order as thos
the SU(2)L related operators.

The first point follows immediately from the fact that th
SM neutrinos appear inSU(2)L doublets. Using the uppe
bounds ont2→m2 M (M5p0,r0,h) and t2→m2 e1 e2

we constrain, in a model-independent way, the strength
the flavor changing neutrino scattering reacti
nm f→nt f to be at most at the one-percent level~compared
with GF). For the unique case of an intermediate scalar s
glet we derive a severe constraint on the non-universal fla
diagonal neutrino interactions using the upper bound on
ton universality violation.

The constraints we obtained for the parameters that
scribe the new neutrino interactions are not consistent w
the values that are required to explain the AN anomaly
terms of FCNIs. Thus we conclude that such a solution
ruled out. One could evade our bounds by fine-tuning sev
new physics contributions, but we do not consider suc
scenario as very attractive. Nevertheless, we would like
stress that ultimately any alternative explanation@39# of the
AN anomaly should be tested by the experimental data its
For the time being ‘‘standard’’ neutrino oscillations wit
massive neutrinos remain the most plausible and elegan
lution.
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