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Production of W with an anomalous magnetic moment via the collision of an
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We discuss the production &F T bosons in deep inelastic procesgegv; + N — [T +WT + X (N: P proton,N neutron), in the context

of an electroweak model, in which the vector boson self interactions may be different from those prescribed by the electroweak stant
model. We present results which show the strong dependence of the cross section on the anomalous magnetic dipolefribetéfit .

We show that even small deviations from the standard model value(ef = 1) could imply large deviations in the cross section rates
of W7 production through the collision of an ultrahigh energy (anti)neutrino on a target nucleon. However, the enhancement of the cr
section rates is not large enough to be detectable.

Keywords: Heavy boson production; ultra-energy neutrinos; neutrino nucleon scattering.

Se discute la produdm de bosone$l’ T en procesos de dispebsi muy ineésticos(7)v; + N — I + WT + X (W: P prothn, N
neutidn), en el contexto de un modelos electrodebil, en el cual las autointeracciodeichegpueden ser diferentes de las prescritas por
el modelo esindar de la interacth electrodebil. Se presentan resultados que muestran las fuerte dependencia derdraeseiversagl

en el momento dipolar magtico arbmalox del W*. Se muestra que inclusive pedas desviaciones del valor del modelcaestar

(x = 1) podiian implicar grandes desviaciones en el valor de la éedcansversal de la produéci de bosone®/ T a trawes de la coligin

de un (anti) neutrino ultraenextico sobre un nucén blanco. Sin embargo, el incremento de los valores de latsettiasversal no es
suficientemente grande para ser detectable.

Descriptores: Produccbn de bosones pesados; neutrinos ultradrieas dispergin neutrino nuclén.

PACS: 13.15.+9; 13.85.Tp; 14.70.Fm; 25.30.Pt

1. Introduction In this work, we calculate separately, in the context
of the standard model, the contribution to the process

One of the most important features of the standard model oft +A — I~ + W* + X from two different mechanisms
electroweak interactions [1] is the non-Abelian gauge naturd&/hich cooperate at the lowest orderdnkeeping only pho-

of the vector bosons. In the present paper, we discuss th{@" exchange diagrams: production at the leptonic vertex,
point, namely the structure of the self couplings of the elec@nd through the boson self interaction. We show explicitly
troweak vector bosons. In order to do it, we analyg& the compensation via destructive interference inherent to the
production in deep inelastic (anti)neutrino-nucleon scatterStandard model as a non-Abelian gauge theory. We find that
ing by using the parton model [2], in the context of an elec-this cqmpensatmn reaghes up to four orders of magnitude, for
troweak model with non-standard vector boson self interUltrahigh-energy neutrinos with enerdy, ~ 10*' eV col-
actions. Such a model was proposed by M. Kuretial.  liding on atarget nucleon. Hence, one could expect that even
(KMSS model) [3]. In this model the trilinear vector boson small dgwaﬂons from the cqupllng structpre of the stgndard
coupling constants depend on only one free parameténe model, like an anomalous dipole magne_tlc momen_t o_hfferent
anomalous magnetic dipole moment of & [4]. The di-  from 1, would lead to opseryable effe_cts in the predictions for
agrams which contribute to tH&¥ boson production cross Ccharged boson production in\’ collisions.

section, at quark level in the lowest orderdncontain only

three vector boson self interactions, hence the boson produc- Tpjg paper is organized as follows. In Sec. 2, we take the

tion rates depend only on. At the present time the best formylae given in Ref. 6 for heavy boson productiomis/-
limits on x areo.?ﬁ < k < 1.36 from a recent analysis of scattering, and extended them for the casé/cf boson pro-
the L3 Collaboration at LEP [5]. duction via the process + N — [~ + W'+ X, in the frame

In a previous work [6], we have discussed the heavy boof an electroweak model, in which the trilinear vector boson
son production via the deep inelastic\V” in the context of coupling constants may deviate through an anomalous mag-
the standard model. We pointed out there that the procesetic dipole moment term from those given by the standard
v+ N — I+ Wt 4+ X (N: P proton, N neutron) is  model. In Sec. 3, we describe briefly the non-standard elec-
the only one which gets contribution from photon-exchangdroweak model, which we will take for our study. In Sec. 4,
diagrams, and that its total cross section reaches significamte present and discuss our results for the total cross section
values for ultrahigh-energy (UHE) neutrinos [7] colliding on of deep inelastic procesg + N — [~ + WT + X, which
a target nucleon. Therefore, we restrict ourselves our studig the only one that gets contribution fromexchange dia-
to the mentioned process in this paper*. grams. Finally, in Sec. 5, we summarize our conclusions.
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2. The differential cross section for non-
standard W production in v scattering

lowest order iny at the quark parton level to the cross section
of process (1) are depicted in Fig. 1.

We have presented in detail the kinematics of heavy bo-
We have discussed in Ref. 6 the heavy boson production vigon production in deep inelastig\ scattering in Ref. 6, and
deep inelastio; V' collisions in the context of the standard have pointed out there how to take care of the different ways
model. We showed there that the process in which the bosons are arranged in the non-Abelian cou-

AN ST +WHE X 1) plings diagrams. Now, we will gxtenq the formulae given

there for process (1) for the case in which the” boson may

is the only one which gets contribution from photon- have an anomalous magnetic momeérdifferent from that
exchange diagrams, and that its total cross section reaChB?'edicted by the standard model. We will assume for the tri-

significant values for UHE neutrinos colliding on a target nu-jinear coupling constants of the vector bosons, the following
cleon. Therefore, we restrict our study to the mentioned regeneral form:

action in this paper. The diagrams which contribute at the
|

Y@YW W, (07)=igyw+w— {9 (50" =0T) 900 (07 =07 ) + 9o (0™ ="}, Zu @)W (0F)W, (07)

Z W, OW, (p7)=igzw+w— g (520" = p7) o+ 9up (0T =17 )+ 9ue(p” —r2p")0 }- @)
B I
, The standard model self interactions are ob-
4 ! tained by taking k=1, kz =1, g,w+w- =e¢ and
gzw+w- = e(cos by /sin Oy, ) (B being the electroweak
B’ mixing angle).
In order to calculaté?+ boson production through pro-
q_ .- cess (1), with the non-standard non-Abelian couplings given

in (2), we may take the formulae given in Sec. 3 of Ref. 6,
provided the following changes and extensions are performed

1) The indexr runs now from 1 to 4.

Qv %l i,h . l,i

2) 75 fp, e fp,p forio = {1,2,3}, andCy p,
Lf hyi h.f i ] i
p,.pr Cp,.po Cpp, Temain as they are defined in

Ret. 6.
3) FIY = etlkY + ktev

4 fplp =0, fp's =0.
© @ Hrn =0 I
5) f éfpl = 2e(p — p')CEp,;

2,n o n,b
fe.p = 208 p»
3n 4n n,c
fe,p =0, fp . p =2Cp p>

A
Y

where

ZB’:’)/,Z LII//Il/l/ L?;CwB/gB/WW
(@2 + M) Q2+ Mp,)

n,r __
CL,L =

3

(©)

FIGURE 1. Feynman diagrams which contribute to process (1):
(a) boson production from the incoming neutrino, (b) the outgoing
lepton, (c) the initial (d) and final quark, and (e) through the non-

Abelian couplings 4 stands foru, ¢, d, s, b; d for d, s, b, @, c).

with = a, b, c. For other polarizationsl, has to be
replaced byR in an appropriate way. The values for
C7 andC? are given in Table I. In the Appendix we
present the explicit expressions for the quantifiés’,

and we also perform there the summation over the po-
larizations of the produced boson.
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has to be fulfilled in very good approximation, in order to
avoid a large deviation from = 1. Hence, we can reduce
the set of relations given in (4) depending on two free param-
eters to a set of relations depending on only one parameter,
namelyx, the W+ anomalous magnetic moment:

TABLE |. Expressions for”) (x = a, b, c.) as a function of for
the process (1). The expressions t3f are obtained changing
Kk — Kz from those given foC] .

Process cy cy (o
uN = I"WHtX  1+x 2+ (k-1)/2 (s—1)/2 K cos? Oy
Rz = ("3
Kk — sin” Oy
TABLE II. Leptonic, non-Abelian, and total contribution to the W = e
cross section as a function &%, (Ep = mp). K ’
22
- - —sin® 0
o(uP — I"W*X)incm? gwwz = esfn@Ts;V' (6)
EV in eV Oleptonic Onon— Abelian Ototal w w
10 245 x 10737 2.26 x 107%7  4.01 x 1078
10 293x10°%  2.95x 10-%°  9.04 x 10~ 4. Dependence on of the non-standard W+
1016 355 % 10-3% 356 % 10~3*  5.02 x 1036 production rates
17 —33 —33 —35
1018 3.76 % 10732 377 % 10732 2.29 x 10734 The numerical results given in this section are obtained tak-
10 3.80 x 10 3.81 x 10 1.28 x 10 ing My=80.4 GeV andM;=91.2 GeV for the masses of
10*° 3.81x 1073 381 x 1073  5.27x 107 the neutral and charged bosons (hesiod 6y, =0.223) [10].
1020 381 x1073° 381 %1073 1.23x 10733 We leave out the contribution from heavy boson exchange
102t 381 x10~2° 381 x10-2° 2.03 x 1033 diagrams in our computations of the total cross section.

We give results for the case of unpolarized deep inelas-

To end this section, we want to mention the following. tiCMWN C°||i5i0n521With an neutrino energy in the range
We have already pointed out in Ref. 6 that, in contrast to dee§8 eV <E,, <107 eV, and the nucleon at rest{r=my).

2
inelastic lepton nucleon scattering, the choice of the scale palVe take cuts oft GeV?, 4 GeV* and 10 GeV* for @7,

o ’2 ; : : :
rameter(? is not unambiguos in the case of heavy bosonQ , and the invariant hadronic mass squBrerespectively.

production. In this work, however, we are going to use theThese cuts are suited for the parton distribution functions re-

same prescription which we have used in Ref. 6. ported by J. Pumpliret al. [8], which we use in our perfor-
mances.
First, we calculate separately, in the context of
the standard model the contribution to the process

The KMSS model is an electroweak model proposed by MYt P -1~ +W™*+X from two different mechanisms

Kurodaet al. (KMSS model) [3], in which the bosons may g:’)?]'c:xgﬁgggbem;:5:22;?"’%?;3;1%;?(2? ?r?én?egpol)r/]igh\?e-rtex
have different self interactions from those prescribed by th and through the boson self interaction. We show in Table I,

standard model [1]. The Lagrangian of the KMSS model con,, - )
tains only dimension-four terms. P or C violations of the from the first to the third column, our results for these two

electromagnetic vector boson interactions are not allowed. Imechamsms (leptonic, non-Abelian) and for the total contri-

this model, the trilinear vector boson coupling constants ca%1 Lig(r)fg-re\z/r\:i;ierfhlgr;hnlts t?t?]ls gt‘aenzoar? dpannos;etIIO:SVaI\anC(i)iSXEin\;i
be written in the form given in (2) with

gauge theory. We can observe that this compensation reaches

3. The KMSS model

- e(r tan Oy — m) up to four orders of magnitude. Therefore, one could expect
vz = (etanfy — —2—) that even small deviations from the coupling structure of the
cos Oy . . .
standard model, like an anomalous dipole magnetic moment
Jwwr = €, different from 1, would lead to observable effects in the pre-
N dictions for charged boson productionuinV” collisions.
gwwz = —etanfw + — o (4) Now, in order to investigate the dependence 1&f"

production, via deep inelastig, \/ -scattering, on théV+

wherefdy, stands for the eleciroweak mixing angl§.and anomalous magnetic dipole moment. We give results for the

k are free parameters, andbeing the anomalous magnetic cross section rates of the process- A — I— + W+ + X,

. 0 .
g'g&ﬁgggﬁ?:‘]og Ve' cgﬁgggl;zléj,tr;]éDv'ei:(r)cr)ubgohs?JIL ?ggpz'ormaking use of the electroweak model proposed by M. Kuroda
rections to the parameter in the context of the KMSS model etal. (RKMSS model) [3]. We have seen in the previous sec-

. . ' tion, that in this model the trilinear vector boson coupling
and concluded that in order to get an agreement with the ®X-onstants depend on only one free parametethe anoma-
perimental measuremenis= 1 + 0.05 [9] the relation '

lous magnetic dipole moment of th&F. Further, the dia-
grams which contribute to thB’* boson production cross

(%)

gsin By = ek,
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TABLE Ill. Contribution to the total cross section as a functior @hdE,, (Ep = mp).

o(yP — I"WTX)incm?

E,ineV k= 0.76 Kk =0.88 k= 1(S.M.) k=1.18 k=1.36
104 3.82 x 10738 3.91 x 10738 4.01 x 10738 4.16 x 10738 4.32 x 10738
10%° 8.22 x 10737 8.62 x 10737 9.04 x 10737 9.73 x 10737 1.05 x 1073¢
1016 4.24 x 10736 4.61 x 10736 5.02 x 10736 5.71 x 10736 6.48 x 10736
107 1.70 x 1073° 1.98 x 1073%° 2.29 x 10735 2.83 x 1073 3.44 x 10735
1018 8.26 x 10735 1.04 x 1073 1.28 x 10734 1.70 x 10734 2.20 x 10734
100 3.16 x 10734 4.14 x 10734 5.27 x 10734 7.23 x 10734 9.51 x 10734
1020 7.27 x 10734 9.62 x 10734 1.23 x 10733 1.70 x 10733 2.25 x 10733
10% 1.19 x 10733 1.59 x 10733 2.03 x 10733 2.82 x 10733 3.73 x 10733

TABLE V. Contribution to the total cross section as a functior @hd E, (Ex = mn).
o(uN — I"WTX)incm?

E,ineV k= 0.76 k= 0.88 k= 1(S.M.) k=118 k=1.36
1014 2.87 x 10738 2.92 x 10738 3.01 x 10738 3.12x 10738 3.25 x 10738
10*° 6.66 x 10737 6.97 x 10737 7.31 x 10737 7.87 x 10737 8.45 x 10737
10%¢ 3.44 x 10736 3.75 x 10736 4.07 x 10736 4.63 x 10736 5.23 x 10736
107 1.34 x 107%° 1.56 x 1073° 1.81 x 107%° 2.24 x 1073° 2.71 x 107
10'8 6.32 x 10735 7.95 x 10735 9.77 x 10735 1.30 x 10734 1.68 x 10734
1010 2.38 x 10734 3.12x 10734 3.95 x 10734 5.42 x 10734 7.12 x 10734
1020 5.46 x 10734 7.21 x 10734 9.23 x 10734 1.27 x 10733 1.69 x 10733
10 8.97 x 10734 1.19 x 10733 1.52 x 10733 2.11 x 10733 2.79 x 10733

TABLE V. O'(VzN — l7W+X)/USM(Vl./\/ — l7W+X) as a

function ofk andE, (Ex = myr).

cWN = I"WrX)/osmu(wN — I"WTX)

E,ineV k=076 x=088 k=118 k=136
10 0.95 0.97 1.04 1.08
10%° 0.91 0.95 1.08 1.16
1016 0.84 0.92 1.14 1.29
10%7 0.74 0.86 1.24 1.50
10*® 0.65 0.81 1.33 1.72
10%° 0.60 0.79 1.37 1.80
10%° 0.59 0.78 1.38 1.83
10% 0.59 0.78 1.39 1.84

section, at the quark level in the lowest orderincontain

0.76 < k < 1.36, reported by the L3 Collaboration [5]. We
present in Table IV, the same as in Table Ill, but for the pro-
cessy; + N — I~ + W + X. Finally, we display in Ta-

ble V, from the first to the fourth column our results for the
ratio c(uN — "W+ X)/osy (N — I"WTX). From

the results given in Tables Ill, IV and V, one can see that the
standard model prediction for the cross section is enhanced in
a 84% when we take = 1.36 for E,, = 10%! eV. However,

this enhanced cross section rate remains unobsevable at the
neutrino telescopes [11].

5. Conclusions

We have analyzed the effects of a non-standard anoma-
lous magnetic dipole moment of the W= in the charged
boson production in unpolarized deep inelastid/ (7, V)-
scattering for UHE neutrinos colliding on a target nucleon,

only three vector boson self interactions, therefore the bousing the electroweak model proposed by M. Kuredal.

son production rates depend only en Table Il contains

(KMSS model), in whichs may be different from 1, the value

from the first to the fifth column our results for the total crosspredicted by the electroweak standard model. We found, that
section at the lowest order im of the total cross section of even small deviations of from its standard model value (at

process; + P — I~ + WT + X, taking different values

the present time the best limits anare0.76 < « < 1.36,

for k. We take the values of = 0.76, 0.88, 1, 1.18, 1.36 from a recent analysis of the L3 Collaboration at LEP) could

which do not deviate too much from the SM valuexof 1,

lead to large enhancement in the predicted cross section rates

and which are allowed according to the experimental rangéor W+ (W ~) production viay,N () collisions. How-

Rev. Mex. 5. 51 (2) (2005) 203-208
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ever, such enhanced rates remain too small to be detectabldith help of these expressions we

experimentally at the UHE neutrino telescopes. (PP, =LL,RR,LR,RL)
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A Appendix ZRG RR = ZRe R

We give in this Appendix, taking all fermion masseless, the
expressions for the quantitig"’, which are defined as fol- Z ReTih = Z ReTfj,
lows:

TP = H fW(f;t'”) £l (o =1,2,3,4), (A2) ZRG L= — ZRG RR:

with
LR Z P P =T Z P 5, — 16(Mzpp' - qf

! = 2{pﬂp;ﬂ + p:tpll/ - guu’pp/ + isuu'papppm}

. _— . . . 2
HML Q{q#q# + quq# g#uqu/ F zgﬂﬂ/pgqpq/"} dpk - p'k - gk - q k:/MB)
]:{1« — g;tu

FHY =elk¥ — e’ kH

We can expresy _ Re Tp! 5, as follows

207

obtain

]_-éwziguupa(gpkg 8[ep-p’q~q’k:+6p’-pq’-q/€ LL,RR
! / / /
FIW = ghj? 4 gk t+eq-pq - p'k+eq -p'q-pk
! _ o o _ —qq'(ep - p'k +ep’ - pk)

anqu, P, be!ng the polarlzatlon of the initial quark anq in- ST —pp'(eq- ¢k + eq - qk)]
coming neutrino, respectively. In general, these quantities ar@’ Py, P — S8lep-p'q gk +ep -pg-q'k LR,RL
functions of scalar products of the momenpta, p’, ¢, k, and t+eq-p'q -pk+eqd -pg-pk
the polarization vector of the produced boson. —qq' (ep - P’k + p’ - pk)

Using the polarization sum for the massive vector boson —pp'(eq - 'k +eq' - qk))

ko ky
Zs#(k, Aew (b, A) = —guw + ]\#42 J (A-2) Using (A.2) and the definitions given above in (A.1) for the
A b T we get
and the definitions given in (A.1) for tth;T' we get
v v kP
Zfﬁ‘”(ff”)* = —(g"°k k" + MKV EP) Z&;p CF = Fl (E P+ M%k)

A

VPLHLO VO LUT.P
+ g Pk kT + g7 kP E for P =p,q,p,q. Hence

Z FE(FR7)* = —i(e" PPk kg + " 7P kPkg)

M2
fou(ffa)* — _(gupkuka +gpokvkp _’_gupkuko

kP
ZEP ReTp p = Re T§! p, <5—> -P+ k;)

The expressions for the remainifig>™ can be found in the

+ 9" k" EP) + Ak KV KPR /MG Appendix of Ref. 6.

*. The results forv, N'-scattering can be obtained from those of posium, ed. N. Svartholm (Almqvist and Wiksell, Stockholm,

v N -scattering by the replacemeit™ — W~,1~ — ™ and 1968) p. 367.
u-type quarks— d-type quarks.
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