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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 of., v,, and v, 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 thevhere the dots refer to other particles and the sum is pver
Sudbury Neutrino Observator§SNO) [1], one makes the =e,u,7. (v;isin facty ;; to simplify the notation we omit
assumption that neutrinos interact with nucleons and eleahe left-handedL subscriptl In Eq. (3), re,r,.r, are the
trons according to the predictions of the electroweak stanusual radiative corrections arising in the SM. At this radia-
dard model(SM). Of course, this assumption ought to be tive level, there are universality violations coming from ver-
confirmed by experiment. Although many of the basic neutex corrections, but they are small. For instance, we have
trino properties predicted by the SM and used in the SNO
analysis have been tested in accelerator experiments, as we
will argue, this is not exactly true for all of them.

A crucial assumption in the SNO analysis involves the
coupling of neutrinos to the neutral current. At SNO, neutraland even smaller for,—r, andr ,—r. (see, for example,

o
r,—re=z—log m2/mZ2=0.009 (4

current interactions induce the processtd—p+n+v;,  Ref.[2]). Certainly, this amount of universality violation is
wherei can bee,u,7, andv;+e” —v;+e” with i=pu,7, not a concern for the SNO analysis. In our analysis, we can
and they also participate in the elastic scattering-e™ also ignore it, since we will end up with upper bounds on
—ve+e . To deduce the actual fluxes of neutrinos reachinguniversality violations that are larger than Ed).

the Earth, it is assumed that, v, , andv, couple with the In order to check the universality hypothesis in the neu-

same strength td, i.e., that universality in the coupling of trino coupling toZ, we write the modified neutral current as

neutrinos to theZ boson holds. We will concentrate on the 1

observatlo_nal evidence for this hypo_thes!s. . J'c\:c:— 2 [1+Ai];i'yavi+ . (5)
Let us first make a very rough estimation of the precision 29

level of SNO. Take, for example, the total flux measured

with the neutral current reaction at SNQJ: The parameterd.,A,,A; are possible deviations coming
from physics beyond the SM. We will constrain these param-
¢Nc=5-09f8'g§>< 10° cm 2571, (1) eters using experiment.

Data from the CERNe"e™ collider LEP constitutes a

where we have added their statistical and systematic errors Ty Precise test for the SM. The couplings of neutrinoZ to
quadrature. The result has a relative error of about 12%, an@® constrained by the invisible width, or equivalently, in
gives us an idea of the SNO precision. These are their verg’_e determination of the number of neutrinhig. A com-
first results and, of course, with more statistics and refinePined fit to all LEP data gives

ments, the relative error is going to decrease in the near

fUture going N,=2.994+0.012 ©)

To set the stage for our discussion, let us write the La- :
. . . " . hat we take from the 2001 f the Particle D r
grangian that in the SM describes the interaction of mattet atwe take from the 2001 update of the Particle Data Group

with the Z boson. fPDG) [3]. Eachy; contributes

(1+A))2=1+2A, (7)
Lne= — —3_ gNcza 2 -
NC cosh,, " to N,. Thus, the resul6) leads to the relation
with g the SU(2) coupling andd,, the weak mixing angle. At A, +A4,]<0.009. ®)

NC ; is Qi
The neutral currend™ in the SM is given by To be conservative, we have taken the maximal deviation

from N,=3 in Eq.(6) to put the bound8). Also, here and in
JI;IC(SM): % E [1+ri];i')’avi+ . 3) the foIIowin_g we work a_t first order im; . _

i If there is new physics that alter thévv coupling but
respect universality, i.edA.=A,=A_, then Eq.(8) implies
that each individual\; must be very small. However, if uni-

*Electronic address: masso@ifae.es versality is violated, then we may have cancellations in the
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sum (8) and, actually, there is no strict bound on individual where nowl; are the charged leptons, and the subsdript
A;. Such possible cancellations cannot be banned from firglenotes left-handed. The operators contain the covariant de-
principles. The purpose of the present paper is to constrairivative,
the breaking of universality iZvv interactions.

The direct way to test universality in the neutrino cou-
pling to theZ boson is through the analysis of the scattering
vi+e —wv;+e . Available data orw,+e" —v,+e", to-
gether with LEP results, allow us to place the lifd{ with the gauge bosongl, B, the gauge couplingg,g’, and

the Pauli matrices and the hyperchargé.
The effective Lagrangian relevant for our purposes can

o now be written as
However, thev.v.Z coupling is known at a much worse

level. We have the experimental limit on universality viola- ( o B
I

tion [5] Lex= EI A:zAi + A_,izBi ) , (16)

>

T - Y
Dazaa+|g§-Wa+|g’§Ba (15

A ,|<0.037. (9)

0.13<A,—A.<0.20 (10 )
whereA;,A{ are high-energy scales angl, 8; are unknown
and of course no limits involving\,. At the view of the strength coefficients accompanying the operators. Below the
SNO precision, this limitand the absence of a limit for the Scale of spontaneous symmetry breaking, the effective La-
7 neutring is too loose to be useful. grangian(16) induces contributions of the type shown in Eq.
We will now show that we can improve the limits on (5). Substituting

universality working with effective Lagrangians. The key
point is the following. Deviations from the SM can be treated cp_><0 ) (17)
by using effective Lagrangians. The general idea of the ef- vl\2
fective Lagrangian approach is that theories beyond the SM,
emerging at some characteristic energy sdaldave effects  with v?= 1/(\2Gg) = (246 GeVY, in Eq.(16), we get
at low energiesE<G; 2, and these effects can be taken
into account by considering a Lagrangian that extends the
SM LagrangianLgy:

Ai:_ai+bi (18)

corresponding to the contributions of the two operators,

‘CZESM+ Eef‘f- (11) 1)2
. . . _ a=ai—, (19
The effective Lagrangiaif.; contains operators of increas- 2A;
ing dimension that are built with the SM fields including the
scalar sector, and is organized as an expansion in powers of v2
(1/A). bi= B; S (20)
1

The success of the electroweak SM at the level of quan-
tum corrections can be considered as a check of the 9aUGE is clear that unless the combinationsa;+b; for i
symmetry properties of the model. To preserve thg consis- e, u, 7 are equal, we will have universality violations in the
tency of the onv-energy theory, Wlth a Lagrangian given bycoupling of neutrinos to th& boson.

Eq' (.11)’ we will assume thaleq is SU(.Z).®U(1) gauge- The operators in the effective Lagrangidr®) have other
Invariant. Some .Of thg prqblems .that originate whgn dealm%ﬁects at low energy. They contribute to the couplings of the
with non-gauge-invariant interactions have been discussed I8 oson to the charged leptohs Indeed, we find

[6]. The gauge-invariant operators that dominate at low en- ’

ergies have dimension 6 and have been listel]n 1 a bl_

There are two classes of dimension-6 operators that may JEC=2 - §+sin2¢9w— EI_ EI Ll valie (21
originate violations of universality in the neutrino sector of :
the neutral current:

_ +5irP0,, > lirYalirT - (22)
A=i[®TD,P][Liy L], (12 !

S SN — - where the dots indicate other particles than charged leptons.
Bi=i[®(D,7+ 7D,)P]-[Liy*7Li]. We see that the couplings to right-handed charged lepigns
(13 are not modified.
Also, the charged current coupling to the charyédets

Here ® is the Higgs field and.; is the lepton isodoublet, a contribution

I
Li:( ) , (14 LCC:—EJSO\N”JrH.C., (23
L

V2
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=2 [1+bIvyalit- -, (24) |87 Acl=[~a:+ b+ ac—bd 3D
| <|a,+b,~a,~b|+2|b,~ by
where again the dots stand for the part involving other SM (32
fields. In the charged current sector there are also violations
of universality coming from radiative corrections in the SM allows us, from Eqgs(27) and(30), to get
framework, but numerically they have at most the value
shown in Eq.(4) and we will neglect them.

Our purpose is to constrain universality violations in the  Thjg is our main result concerning the limit on universal-

couplingsyvZ. We can reach our objective by considering jiy yiolation for », and »,. We can do a totally parallel
the constraints on the nonstandard contributions to the COUsyercise forv. and v .. with the result
e o

pling of Z to charged lepton&2) and on the similar contri-
butions in the charged current sect@d). The experimental
information we need is taken from the 2001 PDG update that

|A,—Ag<0.033. (33)

|A,—A¢/<0.040. (34)

uses LEP datg3].
For example, in our scheme we have

I'(W—7v)

mzl‘*' Z(b,.— be)v (25)

where we work at first order ib; and neglect lepton masses

in front of the W mass. The experimental ratio

TW=70) ) 002+ 0.029 26
'(W—ev) = ' (26)

leads to the bound
2|b,—b,|<0.031, 27)

We finally would like to mention that another assumption
of SNO is the absence of neutrino flavor changing neutral
currents(FCNC). Such exaotic interaction would be a contri-
bution to JN of the form

SINC=Ag,veyav,+H.C. (35)

and similar forver, andv,v,. The contributions of these
FCNC parameters tdl,, have no interference, like the uni-
versality violations, see Ed7). It follows that now cancel-
lations are no longer possible. We can assume nonkgfo
Ae;, andA ;. and employ the experimental limit dd,, (6)
to infer

[(Aeu)?+(Ae)?+(A,,)2]H?<0.095. (36)

where again we conservatively use the maximal deviation

from 1 in Eqg.(26). We also consider

H(Z—7"7) 1-2¢,
=1+
r(z—e'e) 8st—4s2+1
X2(a,+b,—a,—by) (29)
(sy=siné,) and usg 3]
(Z—71"717)
—— =1.0020+ 0.0030, (29
I'(z—e*e?)
which leads to
|a,+b,—a,—b.|=<0.0019. (30

The inequality

In conclusion, we have placed severe constraints to uni-
versality violations of the couplings of neutrinos o We
have introduced the parametexsin the neutral current ex-
pression(5) and showed which operators in an effective La-
grangian approach may lead to universality breaking. We
have constrained the effects of this Lagrangian in the sector
involving charged leptons, and these constraints have been
used to reach our numerical resul&3) and (34). We have
shown that universality holds at the level of 4% in the cur-
rent that couples td@. Our results can be interesting in all the
analysis making the assumption @#Z universality, like in
the solar neutrino experiment at SNO.

Work partially supported by the CICYT Research Project
AEN99-0766, by the EU network on Supersymmetry and the
Early Universe(HPRN-CT-2000-00152 and by theDepar-
tament d’Universitats, Recerca i Societat de la Informacio
Project 2001SGR00188.

[1] SNO Collaboration, Q.R. Ahmasdt al, Phys. Rev. Lett87,
071301(2002); 89, 011302(2002; 89, 011301(2002.

[2] Z Physics At Lep ,1Proceedings, of the Workshop, Geneva,

http://pdg.lbl.gov).
[4] CHARM-II Collaboration, P. Vilainet al, Phys. Lett. B320,
203(1994.

Switzerland, 1989, edited by G. Altarelli, R. Kleiss, and C. [5] CHARM Collaboration, J. Dorenboscét al, Phys. Lett. B

Verzegnass{CERN Report No. 89-08, Geneva, 1989%0l. 1,
p. 453.

[3] Particle Data Group, D.E. Grooet al, Eur. Phys. J. A5, 1

(2000, and 2001 off-year partial update for
2002 edition available on the PDG WWW pag€dRL:

180, 303(1986.
[6] A. De Rijula, M.B. Gavela, P. Hernandez, and E. Madsacl.
Phys.B384, 3 (1992.

the [7] W. Buchmuller and D. Wyler, Nucl. Phy8268 621 (1986;

C.N. Leung, S.T. Love, and S. Rao, Z. Phys3T 433(1986.

077301-3



