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\Ve pcrform a theoretical calculation of thc VT magnctic momeot through the reaction {'+e - --t 11 ij "Y. in the framework of a left-right syrn-
melric modcl al LEP encrgies. We find that (he bound is almosl independent 01'(he mixing angle 4Jof the model in the al10wed experimental
range for this para meter.

Kl')'u'ordJ: Ncutrino e!cctromagnetic properties

Se realiza un cálculo teórico del momento magnético del VT a través de la reacción e + e - -+ 11V". en el marco de un modelo con simetría
izqllicrda~derccha a energías alcanzahles en LEP. Se encuentra una cola que es casi independiente del ángulo de mezcla (j> del modelo en el
illtcTvalo de vnlores experimentales permitido para este parámetro.

/J('Jcripton's: Propiedades electromagnéticas del neutrino

rAes: 1~.60.SI: 13.40.Em; 12.15.Mm; 14.60.Fg

1. Il1troductiol1

NCUlrinos secm to he likcly candidates for carrying fealures
of physies heyond lhe Slandard Model (SM) [IJ. Aparl from
masses and mixings also magnctic moments and clcclric
dipole moments are signs al' oew physics and are ol' rele-
vanec in tcrreslrial experimcnts, the solar neulrino prohlcm,
aSlrophysics and coslllology [2]. At Ihe rresent time. all lhc
available cxperimental data for eleclrowcak processes can be
wel! underSlood in Ihe conlexl of Ihe St\.1.except lhe results
of Ihe KAMIOKANDE experiment on Ihe neulr;no mass [3J.
lIenee, lhe S!\1 is the starting point of all the exlended gauge
lllodels. In olher words, any gauge group with physical sellse
musl have as a suhgroup Ihe SU(2)L x U(I) group of Ihe
standard model, in stlch way that thcir predictions agrcc with
Ihose of Ihe SM al low energies. The purpose (lf Ihe extended
Ihcories is to cxplain soltle fundamental aspecls which arc
nol clarilled in the framc oí" the SM. One of thcse aspccls
is lhe origin of Ihe parity violation at Ihe currenl energics.
The Leh-Righl Symmelrie Models (LRSM) oased (lU Ihe
SU(2)1I x SU(2) L x U( 1) gauge group [~Ig;ve an aos\Ver lo
¡Ilat problelll, since reslOfe lhe parity sYllllllclry at high cncr-
gics and givc their violations al lo\\' energics as a result of the
brcaking 01"gauge syrnmelry. Delaileo disclIssions on LRSf\.l
can he found in the lileralure 15-7).

In 199~. T.M. G(luld aod I.Z. ROlhste;n [8] reponed a
hound on the (au neulrino magnclic momenl. which the)' ob-
laincd trough the analysis of the process e+e- --+ vfr'(, ncar
(he ZO-resonance, hy considering a massivc tau nculrino and
using Standar MoJel Ze+e- alld Zvv couplings.

Al low cenler 01' Ill<tss energy s « ¡\lio, the dominant
contribution lo the proccss e+e- ---t vD" involves Ihe ex-
change nI' a virlual photon [9J. Thc dependen ce on the mag-
netic momenl comes from a direcI coupling lo the virtual
plloton. and Ihe observcd pholon is a result of ¡n¡lial slatc
Ilremsstrahlung.

Al higher s, near the ZO role s :::::::Ar;o, lhc dominant
conlr;oution for Eo > lO GeV [lO] involves Ihe exchange
nf a ZO buson. The dependence on the magnetic moment
now comes from Ihe radiation 01' lhe obscrved photon by
Ihe neutrino or antinculrino in the 11llalslate. The Feynman
diagrams which givc lhe most importanl contribulion lo lhe
cross section arc shown in Fig. l. We cmrhasizc here thc im-
portance of lhe final state radiation near lhc ZO role, which
occurs preferentially at high E..., comparcd 10 conventional
Bremsslrahlung.

Our ailll in this papcr is lO analize thl: reac(ion e+c- -+
IJi)! with rccenl dala fmm LEP [10-12] near lhe ZO boson
resonance in the framc\\'ork of a left-righl symmetric moJel
and altrihuting a magnelic mornent to a massivc tau neulrino.
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The covariant derivalcs arc writtcn as

In lhis moJel thcre are seven gauge hosons: lhe charged
lt'Lu' l1"i,u and lhe neutral ll'l,u. B, The coupling con-
sl<lnls for the lcn and righl sector are equal 9L = 9u, since
manifcst lefl-righl symmclry is assumed [16].

Thc transformation propefties of the Higgs hosons under
¡he group SU(2)L x SU(2)/I x U(I) are XL - (1/2,0,1).
\R - (0,1/2,1) and 1, - (1/2,1/2',0). After sponlaneous
symllletry hreaking, Ihe Higgs bosons develop a vacuum ex-
pcclation valuc 01' the form

bre<lking Ihe sYllllllclry group lo the U(I)em and giving mass
to lhe gaugc hosons ami fcrrnions. Only the photon rcmains
massless. The pan uf Ihe Lagrangian Ihat conlains lhe rnass
leflns ror Ihe charged hosons is

where IVI = Jo¡(1V1 'f IV').
The l1lass malrix ;\f(' is

\I;'hcre lhe rnalrix JI.\' is given hy

Ihis matrix is diagonaliL.ed by an orthogonal Iransforlllation
\I,:hich is parametriled [161 hy an anglc (. This anglc has been
restricleJ to have a very smaJl valuc from Ihc hypcron 13 de-
(ay data [17¡.

Similarly, the part nI' Ih~ Lagrangian thal contains the
1Ilass Icrms rOl' the lleutr.1I bo~ons is

1

(a)

Proccsscs mcasured near the resonance have ser\'ed lo hound
lhe tal! neutrino magnelic mOl11cnl. In Ihis paper we take aJ-
\,¡¡ntage 01' lhis ract In sel hounds for /'\,(1/,) for differcnt val-
lICS 01' lhe mi.x.ing angle Q [13-15]. which is in agrecmenl
witll otller constraints pre\'iously reported [8,9].

\Ve will do our analysis ncar the rcsonance 01' the ZO
( .•••. :::= .U~[)).As a conscquencc our results are independent 01'
lhe m<lSS01' Ihe addilional heavy Z?l gaugc hoson which ap-
pears in this "'ind 01' models anJ so we llave Ihe mixing angle
() hetwcen the len <llld the r¡ght hosons as lhe unly addilional
par¡¡rnetcr. hesidcs lhe SI\l paramclers.

This papel' is organized as follows. In Sec!. 2 we descrihe
the mollel \Vith the Higgs sector having two douhlets and olle
bidouhlet. In Sect. 3 \Ve perform lhe ca!Culalion 01' the ma-
Irix clcmellts and Ihe dilTerenlial cross secliun nf lhe process
('+1'- --+ 11/1~( In Sect. 4 we present and discuss our nUllleri-
cal reslllts rOl"the lolal cross seclion as a funclíon orthe mix-
ing angle (>, rinally, a summary of our conc1usions is givcn
in Sect. 5.

2. The left-right symmetric modcl (LRSM)

lb)

FI(;URE l. Thc Feynman diagrams contrihuling to the process
c+('- -t /1;; '). in left-rihgl symmctric models,

\Ve considL'r a lefl-right symlllclric Illodel (LRSM) \I,.'ilh OIlC

hidOllhkt lI' <lnd 1\\'0 douhlcts y,., .\ R \Vhose vacuulll expeCla-
lioll valucs hreak lhe gauge sYlllll1elry lo give mass to the len
¡¡nd right ht..'<lVYgauge bosolls. This is the origin 01' Iht: parilY
\'iolation al lo\\' ellcrgies 15], that is, at ent:rgies availahlc at
prl'st..'l1\ ;ll\:dcralnrs. Tht: Lagrangian 1'01"Ihe Higgs seclor (lf

11", LRSM is [GI
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Sincc thc proccss e+ e- ---t vD, is ncutral, we ccnler OUT attention 10 the mass tcrms of the Lagrangian [or the neutral
sector, IEq. (6)J.

Thc lTI<ltrix .AlN [or the neutral gaugc hosons is diagonalizcd by nn orthogonaltrnnsformation which can be written in terms
01"Ihe angles 8", and </1 118J

-SlVtlVCll - 1'lI's¡p/cw

-SWtl\''''¡P + 1'wCr;/CI\'

SIV

tw(s. - rwc~) )
-t",(C41 + T",S.;) ,

7'",
(8)

whcre {'IV = ('os8w, Sw = sine\\'. tw = tanen' and
"w = Jeos 28IV• wilh en' being the elcctroweak mixing an-
gle. Here, e" = cos </1 and s. = sin </l. The angle </1 can he
considcrcd as the anglc that mixes the len and right handcd
neutral gaugc bosons lt'l,R' Thc cxprcss ion thar relates the
leff ami right handed neulral gauge hosons Wl,n and B wilh
the physical hosons Z" Z2 and lhe photon is

(9)

The diagonalizalion 01"(5) and (7) gives lhe mass 01"lhe
charged W,~,and neutral Z,,' physical f¡elds:

where lhe left (righl) current for the I"ermions are

and
, , 1

Je," = Jo + Jn + 2Jy,
is lhe electrornagnetic currenl. From (13) we can find lhe am-
plitude }vl for lhe decay ofthe Z, hoson with polarization ,A

into an fcnnion-anlifcnnion par:

wilh
.,

M', = 9- [v' + v' + 2(k2 + k")It 1,2 8 L R

.'ó(/ = Có --,
1'11'

Explicitly lhe interaclion Lagrangian for Z, -> f1is 11DJ

'f J(v~ - v;')' + 16(H')2J, (10)
( 15)

In Ihe following scction \Ve pcrform lhe calculation of lhe
diffcrcntial cross seclion for Ihe rcuction e+e- -7 vD, hy
using lhe exprcssion (14) for lhe transition amplitudc.

x [íi(l',)r"(f + m"h~(n - t''Y5)V(1'4)]

(9oJ - l'ol'J/Jfe¿)x -------~--
[(/),+ 1',)' - Me¿ - ir~J

x [íi(1',hO(a9v - vgA'Y5)v(l'tll'~, (16)

-r/
..\.1.=8'8 (1' ')('05- n' - - 111"

3. The differenlial cross sections

The expression I"orthe amplitude ,'-'1ol"the process e+e- ->
VV'Y due lo only ZO exchange, according lo lhe diagrams de-
piclcd in Fig. 1, and using lhe expression for the amplitude
givcn in Eq. (14) amI assuming that a massive Dirac neu-
trino is charactcrized hy two phenornenological pararneters,
¡.t. a magnclic moment Jil' •. (cxprcssed in units of the elec-
tron Bohr magnctons) amI a chargc radius (1'2) is givcn hy

( 13)

( 12)

(1 1)

.S (J'¡.V' J'll") 9 J BLint = g L L + R R +"2 \' .

, J' eMz-z=B'f D-4,1, .~

rcspcctivcly, with

D = ~[(9' + 9")(V~ + ,,~)+ 2g'(k' + k")J.

e = /,49'(g' + 2.'/,)[1i~";, + (!-' + k")(1i~ + "~)J.
Taking into account that ';\1&'2» JI~'I' from lhe exprcs-

sinns for lhe Illasscs 01".AI Z1 and JI Z"J \Ve concluJe that Ihe
rclalion JIt"l = J\f~l cos2 8H' still ho)ds in this model.

From Ihe Lagrangian 01' lhe LRSM \Ve exlrael Ihe tcrms
for (he neutral inlcraction ol' a fermion with lhe gaugc bosans
Wl.lI and D:

Re!'. Mex. Fú. 45 (3) (1999) 249-253
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X ["(Jl3)'/'(1I - v-y,)(1I + 11lv)rn,,(p,)]

(!I"I' - l'"JI¡3IM~)x----------
[(PI + Jl2)2 - M~ - ir~J
x [Ü(]>,)¡P("!lV - "gA,/,)v(pd)f~, ( 17)

TAIlLEI
E,p. [(1',,-') 8min, ()'lIax Emin(GcV) Events ReL

L3 1990 H 45, 135 lO O 10

1991 11.2 45, 135 22.R O 11

ALEf'1I 1991 R.3 4' 13R 17 O 12

wilh
TABLE 11

( 18)" • (') o le (.,) al'l' = di 'rh + --F, Ir a '1,,,
2mv

lhe nculrino cicclromagnctic vcrtcx, whcrc q is ¡he l11omCIl-
11I1111ransfcr ano F¡,2(q'l) Liimcnsionlcss struclurc functions.
Explieilly

1>
-1111119

-O,UOS

O
0.1104

h(10-6)

5.64
5.59
5.5
5 ..t6

") l?,)

PI (rr) = ¡¡'1- (1'-), eleetroweak eharge ra"ius,

Illagnctic Illoment anomalolls,

whilc lhe coupling conslants are given by

5iu1>
a = coscf; - -0===

veos 20w

v = cos cf; + Jcos 20w sin 4>, ( 19)

1>
-0.0119

-0,005

11

00111

TABLE 111

h(10-6)

3.96

393

39
387

where E..,. cosO, are Ihe energy and scattering angle of the
pholon.

The kinematics is containcd in thc function

wilh .ru, == sin:.! OH'.
Taking the limil when lhe mixing angle </J = O. lhe cx-

prcssion for (/ ami v is rcduceLl lo a = v = I and lhe Eq. (20)
reduces to the expression (3) givcn in Ref. X.

(23)

4. Rcslllts

In order lo evaluate the integral 01' Ihe differenlial cross sec-
lioll as a funclioll 01' mixing angle 9. in Ihe iflterval important
01' cach experiment we require euls on pholon angle and en-
ergy in order lo avoid divergences whcn Ihe inlegral is cvalu-
aled. \Ve show in Tahle I. lhe culs used in our compulalions.

Acconling lo the experimental data, Ihe allowed r~!Ilge for
Ihe mixing angle hCI\Vecn Z~and Z~ is

wilh a 90%eL [13-15),

As it "'as óiseusseó in ReL 8, N '" <'(9, h.)C has lo he
iess Ihan 2.2. Using Ihis fael \Ve can pul a hound for Ihe lau
neutrillo magnetic momcnl as a funelion 01' (he 4> mixing pa-
rameter. We show Ihe value of this bound for some values al'
the 1> parameler in Tahle IL

Thcse results compare favorahly wilh the hounds ob-
tained in Ihe Rcfs. 8 and 9. However the derived bounds in
Tahle II could he improvcd hy including dala fmm Ihe entire
ZO resonanee [81 as is shown in Tahle IIL

We end Ihis scclion plotting Ihe lotal cross section in
Fig. 2 as funclioll 01' the mixing angle 9. for Ihc bounds of
the Illagnetic nlOlllcnt giving in Tahles 11 and IlI. We ohserve
in Ihese figures lhat for 4> = O wc reproduce the data prcvi-
ously reporteó for 1'-1\L Gould anó IL Rothslein [81,Also
\Ve ohserve thal the Lotal cross scction increascs conslantly
and reachcs its maximun vallle ror ó = 0.00.1.

(21 )

(12,.,,2 2= --¡IRC[<t>,x",J
192"

da
E..,dE..,dcosB..,

",here 9 is Ihe mixing parameler 01' Ihe LRSM [13,1,1) anó
(~ is lhe polarization vector of Ihe photon.l (k) stands by lhe
momcnlul11 of Ihe virtual neutrino (antincutrino). Finally, wc
take !/\' = - & + 2 sin:.! OH' ano g.••= -~. according 10 lhe
experimenlal óala [20J,

Using the samc notarion as in Rcf. 8, we find thUl lhe
magnclic mOlllcnt coupling as wel! as lhc mixing angle 4J pa-
ral1lclcr of the LRSf\.t givc a conlribulion to the dilTcrcnlial
cross seclion for the proccss e+e- -t vO, 01' the fmm

F[1>, 8, Eo, cos 00J =
(,,'.+ ,,1)(8 - 2,¡i;Eo) + ,,' E~ sin' (Jo

\/' ["lzozo

Thc c()cficient e is given hy

'1 2 2 .) 2
C'[ 'J - a 2 + 1I /2 - 4" :Tu- + S"-.Tw (2)
9"1,,.= '(1_,)1 ' -.tw J,IV
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5. Conclusions

I
Q

F¡C;URE 2. The (otal cross section for e+e- -t vD,' as function of
q, ';(1)) efanles 11ano 11I).
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We have dctermined a bound on the magnetic moment of a
massive tau neutrino in the framework of a left-right sym-
Illclric model as a function of lhe mixing angle fjJ, as is shown
in Table 11and Table 111.
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