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We investigate whether flavor changing neutrino interacti®@NIs) 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 I8J§R), rotation to
operators that induce anomalous tau decays. S\d@), 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 numbes): 14.60.St, 13.15:g, 14.60.Pq, 95.55.V]

I. INTRODUCTION WhereG‘; Vﬂ(a’ﬁ:’“’T andf=u,d,e) denotes the effective

Several atmospheric neutriidN) experiment§1—4] ob- ~ coupling of the four fermion operator
serve an anomalous ratig /v, in the atmospheric neutrino P
flux. This long-standing AN problem has been confirmed by O,=(v,vp)(ff). (1.2
the recent Super-Kamiokande high-statistics observations
[4], which give strong evidence that the standard modellhe Lorentz structure cIDI,depends on the new physics that
(SM) description of the neutrino sector is incomplete. Theinduces this operator. Operators which involve only left-
standard solution to the AN anomaly in terms of neutrinohanded neutrinogand which conserve total lepton numper
oscillations requires that neutrinos are massive, and thatan be decomposed into ¥ t A)®(V—A) and a —A)
there is mixing in the lepton sector. Them,— v, oscilla-  ®(V+A) component(Any single new physics contribution
tions can explain the atmospheric neutrino data provided thahat is induced by chiral interactions yields only one of these
the relevant mass-squared differencéjg~10"° eV?and  two components.It is, however, important to note that only
the muon and tau neutrinos have large vacuum mixinghe vector part of the background fermion current affects the

angles, sin Byy~1. _ , neutrino propagation for an unpolarized medium at f&6}.
Recently, an alternative solution, where the AN anomalyance only the Y—A)® (V) part of O is relevant for neu-

is induced by non-standard neutrino interactions has beefyy, ygcillations in normal matter. One mechanism to induce
proposed5—8]. In this scenario the heutrinos are ass““.‘ed Quch operators is due to the exchange of heavy bosons that
be massless, bl.Jt they are subject to non-standard 'nteraﬁbpear in various extensions of the standard model. An al-

L . ind f-di | ,- Yernative mechanism arises when extending the fermionic
nheutrlf?o |nteract|or_1$FCNIs) induce an r?'l -dlagona termll?l sector of the standard model and is due&Ztmduced flavor-
the effective neutrino mass matrix, while non-universa a'changing neutral current&CNCS [17,18.

vor diagonal interactions generate the required splitting be- Recent analysef6—§] of non-standard neutrino interac-

tween thgz diagonal term& priori sfu%h zél\s/lcenz;r]o is well ions as a possible solution to the atmospheric neutrino data
motivated, since many extension of the predict new neu'suggest that FCNIs can provide a good fit to the data pro-
trino interactions. Moreover, it is well known that one cannot, ;jaq that

explain the atmospheri®], solar[10] and Liquid Scintilla-

tion Neutrino DetectofLSND) [11] neutrino anomalies with €9,e920.1 or €,€e°=023. (1.3
three light neutrinos. Thus, rather than ignoring one of the

results or introducing a fourth, light sterile-neutrifi®], it is In Refs.[6-8] only new interactions involving the quark
interesting to investigate whether FCNIs can explain any ofvere considered. Since the Earth is electrically neutral and

the three neutrino anomalig¢s3]. its neutron to proton ratio is close to unity, we conclude that
The two effective parameters that describe the nonthe required values foed and e’9 are similar forq=d,u,
standard interactions of, and v, are[14,15,6-8 while those fore® and '€ are larger by a factor of three.
f cf —af The authors of Refd.19,2( argue that such a scenario
EfVE s and e,fVE s ”ﬂ"ﬂ, (1.2) does not lead to a good de_scr_iption of thg datq. In this paper
Gr Gr we do not try to resolve this issue, but investigate whether
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the lower bounds or' ande'’ in (1.3 are at all phenom- TABLE I. Lepton-lepton bilinears.
enologically viable. The authors of R4B] have estimated — .
the upper boun@?<0.1- 1.0 from the low energy, neu-  BilinearB  Couples to boso##  Example (M1 /M2)max
tral current cross section, concluding that FCNIs could quL)s S(1,1,1) Te (SUSYR.)

relevant for the AN anomaly. In Ref21] specific models — S(1,2.112) — P 6.8
that could givee' and ¢’ as large as in Eq(1.3 were LR ' L® (SUSYRy) '

discussed. We argue, h0\7vever, that model-independently tH& L) S(1,3.1) Ac (LRSM) 59
upper bounds from related, charged lepton decay data impl{-L)s N1.10)

that e’ or €’! can be at most at the one-percent level. Thud-'r (1,2,3/2)

we conclude that FCNIs do not play a significant role for the(LL), W(1,3,0)

atmospheric neutrino problem. erer 1(1,1,0)

In Sec. Il we investigate in a model-independent frame-
work the constraints on FCNIs that are induced by heavy

boson exchange. In most cases the upper bounds on leptesm a gauge invariant trilinear coupling, the bosBrmust
flavor violating tau decays, in particular™—u~ M(M  have opposite hyperchargeand transform in the appropri-
=7°p%7) andr”—u~ e e, imply stringent constraints ate representation dU(2), and SU(3)c. Since the SM
on E]; that are inconsistent with Eq1.3). In the remaining neutrinos only appear in doublets 8f(2), and since all
cases severe constraints e’d are derived using bounds on right-handed(left-handed charged fermions transform as
lepton universality violation. In Sec. 1l we show that also SU(2), singlets(doublets, it follows that any bosorB that
Z-induced FCNCs, that arise due to heavy singlet neutrinos;ouples to the fermionic bilinear can only be a singi&t @
cannot be large enough to explain the AN anomaly. We coneoublet(d) or a triplet(t) of SU(2), . All relevant bilinears

clude in Sec. IV. containing only leptons are listed in Table I, and those that
are built from a lepton doublet and a quark are listed in Table
Il. FLAVOR CHANGING NEUTRINO INTERACTIONS II. In Table Il we list the relevant diquark bilinears, namely,
INDUCED BY HEAVY BOSON EXCHANGE those that can couple tioL. Here Q andL denote the left-

handed SM quark and lepton doublets, @apdug,dg refer

to the right-handed SM singlets. Some of these couplings
The analysis of FCNIs that could be relevant for the ANgppear in well known extensions of the standard model. For

prOblem is similar to the discussion in Rél\?)], where the examp|e, in Supersymmetric models W|th@:|par|ty (SUSY

possibility that FCNIs explain the LSND resulfg1] was R ) [22], fermion bilinears can couple to left-handed slep-

ruled out. In general, the presence of a heavy bdSdhat tons (%), right-handed sleptonsT&), left-handed squarks

couples to fermion bilinearB;; with the trilinear couplings  ~ . ~c _— .
\ij, wherei,j=1,2,3 refer to fermion generations, gives rise(Qc) gnd right-handed down squarkey, as indicated n

T the third column of the tables. An example for a scalar triplet
pling ! is the A in left-right symmetric model$LRSMs) [23].

A. Formalism

to the four fermion operatoB;; By, with the effective cou-

In general any two bilinears appearing in Tables I-Ill that
R AN couple to the same boson can be combined to a four fermion
GEe= L — (2.1)  interaction with effective coupling as given in E@.1). In
4\2M%

order to generate a non-zeed or €'’ in Eq. (2.2) at least
one of the bilinears has to contain a lepton doullet
Clearly, four fermion operators that are the product of one
bilinear and its Hermitian conjugate can be constructed. If
the two bilinears have the santdifferent) flavor structure
the resulting operator will conseryeiolate) lepton flavor. In

at energies well below the boson mésg. Thus, in terms of
the trilinear coupling\ ,; that describes the coupling of some
heavy boson3 to v, (e«=u,7) and a charged fermiof
=u,d,e the effective parameters in E(L.1) are given by

f )\:f)\,uf f |}\7-f|2_|)\,uf|2 H
€ =——rx—— €l =————. (22 TABLE Il. Lepton-quark bilinears.
4\2M2Ge 4\2M2Gg
Bilinear B Couples to bosoi Example (M1/My)2. .

The crucial point of our analysis is the following: Since the — —

SM neutrinos are components $t)(2), doublets, the same (LQ)s S(3,1,1/3) dg (SUSYR))

trilinear couplings\ . that give rise to non-zere’ or '’ Ldg S(32,-1/6)  Q°(SUSYR,) 5.2
also induce other four-fermion operators. These operators in-y, S(3,2,—7/6) 3.6
volve theSU(2), partners of the neutrinos, i.e., the charged( @), S(3.3.1/3) 25

leptons, and can be used to constrain the relevant coupling

In order to obtain a complete list of these operators w LQ)s VE1,-213)
note that Lorentz invariance implies that any fermionic bilin- -9r V(3,2,5/6)
ear Bj; can couple to either a scala) or a vector {) Lug V(3,2,—1/6)
boson. If the two fermions of the bilinear have the sameLQ), W(3,3,—2/3)

(opposite chirality they require scalavecton couplings. To
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addition, the EL) bilinear can Coup|e toquR) or to any of lar doubletf ?XChaﬂge not .Only giveS rise to the four-Fermi
the quark-quark bilinears in Table IIl inducing four-Fermi operatorO,, in Eg. (1.2) (with (V—A)®(V+A) structure,

interactions of the form EL)(GFR), (fL)(aQ), (fL) but also produces th8U(2), related operator

X (ugUg), and (L) (drdp). (T (T

Note that scalar or vector fields that transform identically Or=(alp)(T1), 24
under the unbrokeBU(3)c® U(1)gy symmetry can mix. If — \yhich has the same Lorentz structure@§, but where the
this mixing is between a doublet and a singlet or a triplet the, o trinos are replaced by their charged lepton partners.

resulting operators violate total lepton number and are NO{oreover. the effective coupling cﬁ)lf that we denote by
relevant for our analysis. In the case of singlet-triplet MIXINGf s related tOvaavﬁ by

no new operators are generated. Therefore this kind of mix- *2’
ing does not affect our conclusions and we neglect it. M2

To demonstrate howsU(2)_ related processes can be gl =g _; (2.5
used to constrain the parametefsor €'’ , let us consider for a%s TP My

example the bilineal fr(f=e,u,d) that couples via a scalar constrycting all the relevant four fermion operators that are
doublet to its Hermitian conjugatiL . In terms of the com-  jhquced by the couplings between the bilinears listed in

ponent fields the effective interaction is Tables I-Ill, one finds that in generd| is generated to-
Nk NNg gether with(’)fvl. Heref’ can be different fronf only for
a—zﬁ(vafR)(vaﬁ)+“—2’B(lafR)(fRIB) interactions with quarks, that is in some caggs (OV) is
1 M2 generated together Witﬁ‘i (OY). The leptonic operata®;
N\ is always generated together wieh® unless the interaction
_ Caf ff (,,_ayu,,ﬁ)(ﬁy#fR) is mediated by an intermediate scalt)(2), singlet that
2M1 couples to
Nahgr — — 1
_W(la'yﬂlﬁ)(fR'yﬂfR), 2.3 (LaLe)SZE(vaeL—Iave), (2.6
2

wherel ,=pu , 7 for a=pu,7. N, is the trilinear coupling wherel ,=u ,7_for a=u,7, with the elementary coupling
of L ,fr to the scalar doublet and ; , denote the masses of \,.. The coupling of (,L¢)st0 (LBLe)l that is mediated by
its SU(2),_ components. The important point is that the sca-a scalar singlet of madd yields the effective interactions

*

Ao — . - o -
’;2 “[(evy)(vie) — (e vy (15we) + (vl §) (15 we) — (vel §) (voey)] 2.7
Nehae — _ _ _ _ _ _ _
= 2M2 [(eL'y'ueL)(Vﬁ'}’,uVa)_(eL')"uVe)(Vﬁ'yﬂla)_"(ve'y#Ve)(l,B'yﬂla)_(VeVMeL)(IBVMVa)]v (28)
|
where we used a Fierz transformation and the identity BR(7—u et e )<1.7x10 °. (2.9

ASy#B°=—By*A to obtain Eq.(2.8). One can see that in N
this case0 ¢ is generated together with three more operatordNormalizing the above bound to the measured rate of the

that have the same effective couplifigp to a sign. How-  related lepton flavor conserving decay, BR(-u " v,v,)
ever, unlike for the case of intermediate doublets or triplets=0.17[25], we obtain

all these operators involve two charged leptons and two neu-
trinos. G;,<3.1X10 °Gg. (2.10

_ . To constraint” we may use the upper bounds on various
B. Experimental constraints semi-hadronic tau decays that violate lepton flaj&,25:

There is no experimental evidence for any non-vanishing

-, = .0 -6
G,,,. Therefore, wheneve©| is generated together with BR(T" —p" m)<4.0<10°% (213
(’)f,,_ one carf1 use the upper bpunds @f]T to (_jeriveecqn- BR(7 —pu~ p°)<6.3x10°8, 2.12
straints onG,, , . The most stringent constraint @, _ is

unor
due to the upper bound on —u~ e" e” [24,25: BR(7 —u~ 7)<9.6x10° ¢, (2.13
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TABLE Ill. Quark-quark bilinears. While one can always fine-tune some parameters in order

» to avoid our bounds, our basic assumption is that this is not

Bilinear B Couples to boso the case. Thus from Eq$2.10), (2.15 and(2.16 we con-
: o

(Q0). W(1,1,0) clude that the effective coupling,, , could be at most at the
1% X110 one-percent level.
Urtr (1,1,0) We still have to discuss the case of the intermediate scalar
drdg (1,1,0)

R singlet that couples tol(L ) inducing the effective interac-
(QQ): W(1.30) tions in Eq.(2.8). SinceO¢ is not generated together with
O¢ but only with operators that involve two charged leptons
_ - - 6 and two neutrinos, the decay —u~ e e~ is of no use to

BR(7" —p mm)<8.2<10 7. (214 constrain the effective couplings. However, since the effec-
Let us first consider the tau decays int@ and p°. Since tive operators in Eq(2.8) contain only left-handed fermions
these mesons belong to an isospin triplet we can use tH@ther strong bounds can be derived on the flavor diagonal
isospin symmetry to normalize the above bouf@ld1) and terms using lepton universality. The reason is that the corre-
(2.12 by the measured rates of related lepton flavor consen3POnding interactions are identical to the SM ones and have
ing decays. Using BR{ — 7 )=0.11[25] and BR(~  '© be added coherently.

—v,.p )=0.22[26,25 we obtain Settinga=B=u, 7 the last term in Eq(2.8) induces ad-
T ’ ditional contributions td ,— e, v, v, With the effective cou-
Gl .(m)<85x10%G: and GY (p)<7.5x10 3Ge. pling
(2.15 N
A
. . . e ae
= . 2.1

Since thew (p) is a pseudoscaldwecto) meson its decay Yata 4 [2M2 (217

probes the axial-vectdvectop part of the quark current.

In ggneral, any seml—hadromc OPera@F can be decom- These new contributions violate lepton universality and lead
posed into an=0 and anl =1 isospin component. Only the . 4 deviation of the parameter
effective coupling of the latter can be constrained by the
upper bounds on the decays into final states with isovector 1 T(r —e vy Ge, -G,
mesons, like ther and thep. If the resulting operator is = \/_ T 1T K
dominated by thé =0 component, the bounds in EQ.15 NT(u —e v,ve) Gr
do not hold. But in this case we can use the upper bound on (2.18
BR(7~—u~ 7) in Eq. (2.13. Since they is an isosinglet, ) L o
isospin symmetry is of no use for the normalization. How_from unity. _HereN denotes a normahzapon factor, which is
ever, we can estimate the proper normalization using théSt the .ratloe of the above two rates in the SM such that
relation between they and = hadronic matrix elements, Rwx=11if G, , =0.In the approximation we assume that
which is just the ratio of the respective decay constantsGS , <Gg(a=pu,7). From the most recent experimental
f,/f-~1.3[26,25. Taking into account the phase space ef-gata[27,25 it follows that
fects, we obtain from Eq2.13 that

o

G.(m)<12¢ 102G, . (2.16 R,,=1.0008+0.0030, (2.19
. . , implying that
Since the is a pseudoscalar meson its decay probes the
axial-vector part of thé=0 component of the quark current, G¢ -—-G¢
while the neutrino propagation is only affected by the vector ee=—T"  Wh_38410°8, (2.20
part. As we have already mentioned, for any single chiral Gr

new physics contribution the vector and axial-vector parts o ) i
have the same magnitude and we can use(E46) to con- Here we used thaD | has the same effective coupling as the

strain the isosinglet component 6% . In case there are sev- related operator that induces the new contributionl jo
eral contributions, whose axial-vector parts cancel each other>€_ v, Ve.

(a vector singled/(1,1,0) that couples to all the diquark sin-  Finally we remark that we can use lepton universality
glets of Table 1l with the same strength would lead to suchviolation not only to constrain the interactions induced by an
a scenarip thel =0 component could still be constrained by intermediate singlet, but our argument holds also whenever
the upper bound on BR( —u~ #w o) in Eq. (2.14. an SU(2), related operator induces additional contributions
While the calculation of the rate is uncertain due to our ig-to the SM weak interactions. The bounds on lepton univer-
norance of the spectra and the decay constants of the iso$lity violation in semi-hadronic procesg4@9] are of similar
inglet scalar resonances, we expect that the normalizatiofrder as the bounds for the leptonic processes that appear in
will be similar to that of ther, p, and 5 discussed before. the definition ofR;,, in Eq. (2.18. Consequently analogous
Finally we note that the decay” — 1~ would be ideal to  arguments as those leading to the upper boune’§nn Eq.
constrain thd =0 vector part, but at present no upper bound(2.20 can be used to constraii. Since all involved fer-

on its rate is available. mions have to be left-handed this only applies for interme-
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diate singlets or triplets 06U(2), . For the triplets the ef- learn that also the flavor changing neutrino scattenind

fective couplings of the relevant operators may differ due to— v f induced by heavy bosons, that are doublets or triplets

SU(2), breaking effects, which we will study next. of SU(2)_, cannot significantly contribute to the AN
anomaly.

C. Constraining SU(2), breaking effects
. Z-INDUCED FLAVOR CHANGING NEUTRAL

If SU(2)_ breaking effects are negligible themf,avﬁ is CURRENTS
equal toG' ;. Comparing the experimental boun¢a 10, . . .
(Zquja @ fé’) and (2 2(|)) gwith (1xg) Iwe find thuatdi %e In the previous section we considered models where the

only modification to the neutrino sector is due to new inter-
ctions mediated by heavy bosons. In this section we study
he opposite scenario, where new fermions are added, but no

gxtra bosons beyond the SM ones are needed. As an example

The excellent agreement between the SM predictions an ) ) . . .
the electroweak precision data implies tigdti(2), breaking we CO”S'de.'z"”d“C?‘d FCNCs that arise When mtroduplng a
heavy sterile neutrino. Such SM gauge singlets, which ap-

effects cannot be large. To show that they cannot sufficientlybear in many extensions of the standard model, are fre-

weaken the upper bounds ehande’ to be consistent with | loved lain th I h .
Eq. (1.3, we recall from Eq(2.5) that in general the ratio of quently employe to explain the smallness of the neutrino
AT ) masses via the see-saw mechanjsel.

: f f e i M2/ 2
the coupllngs,GVaVﬁ/GaB, is given by ratioM3/M;. Here The basic idea foZ-induced FCNCs is that if a neutrino
M; andM; are the masses of the particles belonging to thenteraction eigenstate is a linear combination of light and
SU(2). multiplet that mediate the processes described byeavy mass eigenstates then the effective low-energy inter-
GLﬂ and G';ayﬂ, respectively. IfM;# M, this multiplet will  action eigenstates, that consist only of light mass eigenstates,
contribute to the oblique paramet¢28] S,U and, most im-  are not orthogonal to each othg7]. Thus the couplings to
portantly, T. Then we can use a fit to the precision data tothe Z-boson(and in fact also to th&\V-boson have to be
determine the maximally allowed ratid/A; /M ;)2 .. modified slightly, implying that also the effective Hamil-
We use the programsApp by Erler [29] to calculate the tonian that describes the neutrino propagation in matter has
SM predictions. For the latest precision data from Zagole 1 be changed. _ _ _
[30], theW-boson and top quark masg&d,32, deep inelas- In Ref.[18] a general discussion @induced FCNCs and
tic scattering[33], neutrino-electron scattering34] and  their impact on neutrino oscillations has been presented. In

atomic parity violation{35], we obtain the best fit values of the context of the AN problem we illustrate the mechanism
the oblique parameters: by considering a simple framework where besides the SM
neutrinosy,, and v, there is only one new gauge singieg.
S=-0.07£0.11, T=-0.10+0.14, U=0.11+0.15. (For simplicity we assume that the, does not play an im-
(2.21 portant role herg. These interaction eigenstates are con-

nected to the mass eigenstates by a unitary transformation

SU(2), symmetric limit the new neutrino interactions that
we considered cannot have a significant contribution to th
AN anomaly.

We calculate the contributions ® T, andU from the vari-
ous scalar representations in Table | and Table Il and deter- Vu Uur Uz Upn V1
mine the best fit to the data at each value of the mass split- v,|=| Us U, Uj, vy
ting. The best fit Higgs boson madg,, varies with the

splitting, and we limit the Higgs boson mass to the range

B 2 B
95 GeV<My<1 TeV. Constructing & function we de- where v, and v, denote the light and,, the heavy mass

termine the upper bound on the mass splitting between th8igenstates. The neutrinos that are produced in low-energy

different members of a multiplet at a given confidence level : ; ;
L charged-current interactions together with charged leptons
(C.L.). The individual 90% C.L. bounds orM;/M,)? are g g g

o q
given in the last column of Table | and Table [Note that andr are

, 3.9
Vs Ug Us Usgp Vn

the limit on (M,/M,)? is stronger if the lightest mass is P U U v
heavier. From theZ-width measurement, the lightest mass ( g) :( wl “2)( 1>, 3.2
must be heavier thah,/2, and the bounds presented in the v, Ug Ug/ir

tables are derived for the case where the lighter mass is 50
GeV|] i.e., we have projected, and v, onto thev;— v, plane.
We did not calculate the bounds for the vector multiplets.Since the mixing matrix appearing in E¢.2) is only a
Since vector bosons give in general larger contributions, wesubmatrix of the unitary matrix in Eq3.2), VZ and vf are
expect the bounds in the vector cases to be as good or betteot orthogonal to each other
than the corresponding bounds for the scalar multiplets.
Thus, for the vector multiplets a rather conservative upper (VEIvD)=UR U +UsU=—UN U, (33
bound is M,/M,)%<7.
Hence, even the maximal possif#dJ(2),_ breaking ef- and also not properly normalized. Consequently these states
fects could weaken the bounds we derived only by a factor oflo not provide a proper basis for the neutrino oscillation
a few ande ,e'’ cannot exceed the few-percent level. We formalism.
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The description of neutrino oscillation in the presence ofthis paper we argue that it is also very unlikely that the AN
heavy gauge singlets has been worked out in Refl. The  anomaly is due to FCNIs. Both analyses rely on three facts:
main result is that the effective non-unitary mixing induces a  The neutrino flavor changing four fermion operator that is
flavor off-diagonal contribution in the matter-induced neu-induced by the exchange of a heavy boson is related by an
trino potentialVecyc. The effect is proportional to the neu- SU(2), rotation to other operators that violate lepton flavor.
tron density and its size is characterized by the ratio between The strength of these related operators is severely con-
Veene and the standardflavor diagonal neutral current Strained by the upper bounds on lepton number violating

(NC) potentialVyc: processes. . o
High precision measurements imply that the violation of
> Veene . the SU(2), symmetry is not large for new physics at or

€= Vne =[ULnUal. (34 above the weak scale. Consequently the upper bounds on the

operators that induce FCNIs are of the same order as those of
The approximation refers to the simple example we disthe SU(2), related operators.
cussed previously. It reveals that the effect is in general The first point follows immediately from the fact that the
small, since it is proportional to the components of theSM neutrinos appear i®U(2), doublets. Using the upper
known neutrinos along the heavy mass-eigenstates, whidbounds onr™—u~ M(M=7°,%%) and 7 —u e" e
cannot be large. Th&-induced FCNCs cannot be con- we constrain, in a model-independent way, the strength of
strained by th&&U(2), -related charged lepton decay, that wethe flavor changing neutrino scattering reaction
used before in the context of FCNIs due to heavy particlev, f— v f to be at most at the one-percent lev@mpared
exchange, but one can obtain a stringent constraintsﬁjn with Gg). For the unique case of an intermediate scalar sin-
from a global fit using lepton universality, Cabibbo- glet we derive a severe constraint on the non-universal flavor
Kobayashi-MaskawdCKM) unitarity, and the measured  diagonal neutrino interactions using the upper bound on lep-
invisible decay width[38]. The updated analysis ifl8]  ton universality violation.
yields the conservative boundat 90% C.L) The constraints we obtained for the parameters that de-

scribe the new neutrino interactions are not consistent with

|U,n[?<0.0096 and |U,|°<0.016. (3.5  the values that are required to explain the AN anomaly in

terms of FCNIs. Thus we conclude that such a solution is

We conclude that the parametef in Eq. (3.4) cannot ex- e out. One could evade our bounds by fine-tuning several

ceed the few-percent level. Therefore from EQ.3) it fol- e\ physics contributions, but we do not consider such a
lows thatZ-induced FCNC effects are too small to be rel- cenario as very attractive. Nevertheless, we would like to
evant for the AN problem. stress that ultimately any alternative explanatidg] of the
AN anomaly should be tested by the experimental data itself.
IV. CONCLUSIONS For the time being “standard” neutrino oscillations with

Extensions of the standard model in general do not Con[ngssive neutrinos remain the most plausible and elegant so-
serve lepton flavor and therefore provide an alternativ ution.
mechanism for neutrino flavor conversion that may show up ACKNOWLEDGMENTS
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