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Universality of the coupling of neutrinos to Z
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We employ an effective Lagrangian approach and use CERN LEP data to place severe bounds on univer-
sality violations of the couplings ofne , nm , and nt to the Z boson. Our results justify the assumption of
universality in these couplings that is usually made, such as, for example, in the analysis of solar neutrinos
detected at SNO.
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In the analysis of the observations of solar neutrinos at
Sudbury Neutrino Observatory~SNO! @1#, one makes the
assumption that neutrinos interact with nucleons and e
trons according to the predictions of the electroweak st
dard model~SM!. Of course, this assumption ought to b
confirmed by experiment. Although many of the basic ne
trino properties predicted by the SM and used in the S
analysis have been tested in accelerator experiments, a
will argue, this is not exactly true for all of them.

A crucial assumption in the SNO analysis involves t
coupling of neutrinos to the neutral current. At SNO, neut
current interactions induce the processn i1d→p1n1n i ,
where i can bee,m,t, and n i1e2→n i1e2 with i 5m,t,
and they also participate in the elastic scatteringne1e2

→ne1e2. To deduce the actual fluxes of neutrinos reach
the Earth, it is assumed thatne , nm , andnt couple with the
same strength toZ, i.e., that universality in the coupling o
neutrinos to theZ boson holds. We will concentrate on th
observational evidence for this hypothesis.

Let us first make a very rough estimation of the precis
level of SNO. Take, for example, the total flux measur
with the neutral current reaction at SNO@1#:

fNC55.0920.61
10.633106 cm22 s21, ~1!

where we have added their statistical and systematic erro
quadrature. The result has a relative error of about 12%,
gives us an idea of the SNO precision. These are their v
first results and, of course, with more statistics and refi
ments, the relative error is going to decrease in the n
future.

To set the stage for our discussion, let us write the
grangian that in the SM describes the interaction of ma
with the Z boson,

LNC52
g

cosuw
Ja

NCZa ~2!

with g the SU(2) coupling anduw the weak mixing angle.
The neutral currentJNC in the SM is given by

Ja
NC~SM!5

1

2 (
i

@11r i #n̄ igan i1•••, ~3!

*Electronic address: masso@ifae.es
0556-2821/2002/66~7!/077301~3!/$20.00 66 0773
e

c-
-

-

we

l

g

n
d

in
nd
ry
-

ar

-
r

where the dots refer to other particles and the sum is ovi
5e,m,t. (n i is in factnLi ; to simplify the notation we omit
the left-handedL subscript.! In Eq. ~3!, r e ,r m ,r t are the
usual radiative corrections arising in the SM. At this rad
tive level, there are universality violations coming from ve
tex corrections, but they are small. For instance, we hav

r t2r e.
a

4p
log mt

2/me
2.0.009 ~4!

and even smaller forr t2r m and r m2r e ~see, for example,
Ref. @2#!. Certainly, this amount of universality violation i
not a concern for the SNO analysis. In our analysis, we
also ignore it, since we will end up with upper bounds
universality violations that are larger than Eq.~4!.

In order to check the universality hypothesis in the ne
trino coupling toZ, we write the modified neutral current a

Ja
NC5

1

2 (
i

@11D i #n̄ igan i1•••. ~5!

The parametersDe ,Dm ,Dt are possible deviations comin
from physics beyond the SM. We will constrain these para
eters using experiment.

Data from the CERNe1e2 collider LEP constitutes a
very precise test for the SM. The couplings of neutrinos toZ
are constrained by the invisibleZ width, or equivalently, in
the determination of the number of neutrinosNn . A com-
bined fit to all LEP data gives

Nn52.99460.012 ~6!

that we take from the 2001 update of the Particle Data Gr
~PDG! @3#. Eachn i contributes

~11D i !
2.112D i ~7!

to Nn . Thus, the result~6! leads to the relation

uDe1Dm1Dtu<0.009. ~8!

To be conservative, we have taken the maximal deviat
from Nn53 in Eq.~6! to put the bound~8!. Also, here and in
the following we work at first order inD i .

If there is new physics that alter theZnn coupling but
respect universality, i.e.,De5Dm5Dt , then Eq.~8! implies
that each individualD i must be very small. However, if uni
versality is violated, then we may have cancellations in
©2002 The American Physical Society01-1
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sum ~8! and, actually, there is no strict bound on individu
D i . Such possible cancellations cannot be banned from
principles. The purpose of the present paper is to const
the breaking of universality inZnn interactions.

The direct way to test universality in the neutrino co
pling to theZ boson is through the analysis of the scatter
n i1e2→n i1e2. Available data onnm1e2→nm1e2, to-
gether with LEP results, allow us to place the limit@4#

uDmu<0.037. ~9!

However, theneneZ coupling is known at a much wors
level. We have the experimental limit on universality viol
tion @5#

0.13<Dm2De<0.20 ~10!

and of course no limits involvingDt . At the view of the
SNO precision, this limit~and the absence of a limit for th
t neutrino! is too loose to be useful.

We will now show that we can improve the limits o
universality working with effective Lagrangians. The ke
point is the following. Deviations from the SM can be treat
by using effective Lagrangians. The general idea of the
fective Lagrangian approach is that theories beyond the
emerging at some characteristic energy scaleL, have effects
at low energiesE<GF

21/2, and these effects can be take
into account by considering a Lagrangian that extends
SM Lagrangian,LSM:

L5LSM1Leff . ~11!

The effective LagrangianLeff contains operators of increas
ing dimension that are built with the SM fields including th
scalar sector, and is organized as an expansion in powe
(1/L).

The success of the electroweak SM at the level of qu
tum corrections can be considered as a check of the ga
symmetry properties of the model. To preserve the con
tency of the low-energy theory, with a Lagrangian given
Eq. ~11!, we will assume thatLeff is SU(2)^ U(1) gauge-
invariant. Some of the problems that originate when dea
with non-gauge-invariant interactions have been discusse
@6#. The gauge-invariant operators that dominate at low
ergies have dimension 6 and have been listed in@7#.

There are two classes of dimension-6 operators that
originate violations of universality in the neutrino sector
the neutral current:

Ai5 i @F†DaF#@ L̄ ig
aLi #, ~12!

Bi5 i @F†~DatW1tWDa!F#•@ L̄ ig
atWLi #.

~13!

HereF is the Higgs field andLi is the lepton isodoublet,

Li5S l i

n i
D

L

, ~14!
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where nowl i are the charged leptons, and the subscripL
denotes left-handed. The operators contain the covariant
rivative,

Da5]a1 ig
tW

2
•WW a1 ig8

Y

2
Ba ~15!

with the gauge bosonsWW , B, the gauge couplingsg,g8, and
the Pauli matricestW and the hyperchargeY.

The effective Lagrangian relevant for our purposes c
now be written as

Leff5(
i

S a i

L i
2
Ai1

b i

L8 i
2
Bi D , ~16!

whereL i ,L i8 are high-energy scales anda i ,b i are unknown
strength coefficients accompanying the operators. Below
scale of spontaneous symmetry breaking, the effective
grangian~16! induces contributions of the type shown in E
~5!. Substituting

F→S 0

v/A2
D ~17!

with v251/(A2GF).(246 GeV)2, in Eq. ~16!, we get

D i52ai1bi ~18!

corresponding to the contributions of the two operators,

ai5a i

v2

2L i
2

, ~19!

bi5b i

v2

L8 i
2

. ~20!

It is clear that unless the combinations2ai1bi for i
5e,m,t are equal, we will have universality violations in th
coupling of neutrinos to theZ boson.

The operators in the effective Lagrangian~16! have other
effects at low energy. They contribute to the couplings of
Z boson to the charged leptonsl i . Indeed, we find

Ja
NC5(

i
F2

1

2
1sin2uw2

ai

2
2

bi

2 G l̄ iLgal iL ~21!

1sin2uw(
i

l̄ iRgal iR1•••, ~22!

where the dots indicate other particles than charged lept
We see that the couplings to right-handed charged leptonl iR
are not modified.

Also, the charged current coupling to the chargedW gets
a contribution,

LCC52
g

A2
Ja

CCW1a1H.c., ~23!
1-2
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Ja
CC5(

i
@11bi #n̄ igal iL1•••, ~24!

where again the dots stand for the part involving other S
fields. In the charged current sector there are also violat
of universality coming from radiative corrections in the S
framework, but numerically they have at most the va
shown in Eq.~4! and we will neglect them.

Our purpose is to constrain universality violations in t
couplingsnnZ. We can reach our objective by considerin
the constraints on the nonstandard contributions to the c
pling of Z to charged leptons~22! and on the similar contri-
butions in the charged current sector~24!. The experimental
information we need is taken from the 2001 PDG update
uses LEP data@3#.

For example, in our scheme we have

G~W→tn!

G~W→en!
.112~bt2be!, ~25!

where we work at first order inbi and neglect lepton masse
in front of theW mass. The experimental ratio

G~W→tn!

G~W→en!
51.00260.029 ~26!

leads to the bound

2ubt2beu<0.031, ~27!

where again we conservatively use the maximal devia
from 1 in Eq.~26!. We also consider

G~Z→t1t2!

G~Z→e1e2!
.11

122sw
2

8sw
4 24sw

2 11

32~at1bt2ae2be! ~28!

(sw5sinuw) and use@3#

G~Z→t1t2!

G~Z→e1e2!
51.002060.0030, ~29!

which leads to

uat1bt2ae2beu<0.0019. ~30!

The inequality
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uDt2Deu5u2at1bt1ae2beu ~31!

<uat1bt2ae2beu12ubt2beu
~32!

allows us, from Eqs.~27! and ~30!, to get

uDt2Deu<0.033. ~33!

This is our main result concerning the limit on universa
ity violation for ne and nt . We can do a totally paralle
exercise forne andnm , with the result

uDm2Deu<0.040. ~34!

We finally would like to mention that another assumpti
of SNO is the absence of neutrino flavor changing neu
currents~FCNC!. Such exotic interaction would be a contr
bution toJNC of the form

dJa
NC5Demn̄eganm1H.c. ~35!

and similar fornent and nmnt . The contributions of these
FCNC parameters toNn have no interference, like the un
versality violations, see Eq.~7!. It follows that now cancel-
lations are no longer possible. We can assume nonzeroDem ,
Det , andDmt and employ the experimental limit onNn ~6!
to infer

@~Dem!21~Det!
21~Dmt!

2#1/2<0.095. ~36!

In conclusion, we have placed severe constraints to u
versality violations of the couplings of neutrinos toZ. We
have introduced the parametersD i in the neutral current ex-
pression~5! and showed which operators in an effective L
grangian approach may lead to universality breaking.
have constrained the effects of this Lagrangian in the se
involving charged leptons, and these constraints have b
used to reach our numerical results~33! and ~34!. We have
shown that universality holds at the level of 4% in the cu
rent that couples toZ. Our results can be interesting in all th
analysis making the assumption ofnnZ universality, like in
the solar neutrino experiment at SNO.
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