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\Ve discLlss Ihe production of charged bosons in deep inclastic e-p-scauering. in the context of an electroweak model. in which lhe vector
boson sclf interaclions may be different from those prescribed by the eleclroweak standard model. \Ve prcsenl results which show the strong
dependence ol' the cross section on lhe anomalous magnetic dipo1e moment ti ol' the IV::!:.We show that even small deviations from the
standard model value of ti ('" = 1) implies an observable devialion in lhe ar:t.produclion rales at CERN LEP/U-IC energies. We also
show that ror the analysis of the chargcd boson production via e- p collisions at LEP/LHC energies will be very imponant to inelude lhe
contribution from heavy boson exchange diagrams to the cross seclion rates.

Kl'yword.c Heavy boson production; ep collisions

Discutimos la producción de bosones cargados en la dispersión muy inelástica e-p, en el contexto de un modelo electrdébil, en el cual
la interacción del bosón vectorial pucde ser diferenle de aquella prescrita por el modelo estándar electrodébil. Se presentan resultados los
cuales muestran la fuerte dependencia del momenlo dipolar magnético anómalo K en la sección transversal de los lF:t. Moslramos que
pequeñas desviaciones del valor del modelo estándar (f\; = 1) de f\; implican una desviación observable en la razón de producción de IV::!:a
energías de LEP/LHC de CERN. también se muestra que para el análisis de la producción de bosones cargados vía colisiones e-¡J a energías
de LEP/LlIC puede ser muy importante incluir la contribución de diagramas con intercambio de bosón pesado para la razón de la sección
lransversal.

Descripto."es: Producción de bosones; colisiones ep

PAes: 1470.Fm; 13.60.Hb; 13.40.Em

1. Introduction

At lhe present time, aH available experimental data for elec-
troweak processes C3n be wcll understood in the context of
the slandard model ofthe electroweak interactions [1]. How-
ever, in spite of this succes. there are important fcatures of
the stand3rd model lhat have not yet heen tested. sueh as Ihe
non-Ahelian gauge naturc 01"the vector hosons. In the present
paper, we discuss this point, namely lhe slructure ol' the self
couplings of the electroweak vector bosons. In order to do
it, we calculate charged boson production in deep inelastic
(~-p-scattering in lhe context of an elcctroweak model with
non-standard vector boson self inleractions. Such a model
was proposcd by M. Kuroda et al. (KMSS model) [2]. In Ihis
model the trilinear vector hoson coupling constants dcpend
on only one free parameter, h~,the anomalous magnetic dipole
moment of the Uf:!: [31. The diagrams which contri hute lo
the hoson produetion eros s seClion. at the quark level in lhe
lowest order in o, contain only Ihree veclor boson self inter.
actions, hcnce the hoson production rates depend on1y on ft.

In a previolls work [4], we have calculated in the con-
lext of Ihe standard Illodel separately the eontrihutions lo IV::l::
production from lhe differenl mechanisms: production at the
leptonic vcrtex, at the hadronic vcrtex and throllgh the basan

self interaction. We have shown explicitly lhe compensation
via destructivc interfcrence inherent to lhe standard model as
a non-Ahelian gauge theory. \Ve found that this compensa-
tion reaches at LEP/LHC energies up lo two orders of mag-
nitllde, hencc one can cxpect that cven small dcviations from
the coupling structllre of the standard model, like an anoma-
lous dipole magnelic momenl differenl from 1, will Icad lo
ohservahle etTects in lhe predictions fm chargcd boson pro-
duction in c-p collisions. This is precisely our aim in lhis
work. We invesligalc in delail lhe dependence of lhe Hd_
production. via Jeep inelastic e-p- scaltcring, on the IV:!:
anomalous magnetic dipolc moment, /\'.We are going to work
in lhe context of the KMSS model and perform our calcula-
tions using the parto n distrihution functions CTEQ4 reponed
by Lai el al. 15] for energies availahles at LEPILHC in lhe
near future. In our complltations for the cross scclion, we in-
elude besides the ,-exchange also Ihe heavy basan cxchangc
diagrams. \Ve have already pointed out Ihe importancc of the
contributions from heavy hoson diagrams to the differential
cross seclion 01' the charged hoson productian via e- p colli-
sions in a previous paper [4].

There are already in the literature calculations of the
cffects 01"a deviation of '" from its standard model value
(H = 1) on the rales of lF::I::-production via e-p colli-
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duced by a deviatioo from thc standard tr¡linear vector boson
coupling conSlants, io the boson produclion rates. Canse-
quently we considcr the following processes:

A,.(¡,o) 11',: (1'+) lI'e- (1'-) =}

igwu'-, {g¡w(t\]p -l'+)p

+ gve(l'+ -1'-)" + Y,.p{p- - ,,¡,o)vj,
Z,,(pO)II',;(p+)lI'p-(¡'-) =}

. {(. ° +)191VIVz 9Jw ~'zP - P l'

The self inleractions of Ihe standard model are obtained lak-
ing 1\, = l. l'iz= 1, fllVlV-, =c and f/WIV z= - e(cos BIV / sin 0"')
(Bw beiog lhe electrowcak mixing angle).
It has heen already poinled in previous works [22,23J

that. in contrast lo deep inelastic lepton nucleon scattering.
the choice 01'lhe scale parameter Q2 is not unambiguos in the
case of heavy boson produclion. For OUT calculations here. we
are going to use the prescriptions, given in Ref. 23.

(1)

(2)
(3)
(4)

e- + l' ---> e-II'- X,
e- + p ---+ e-1V+ X,

e- + p ----t l/e Hr-.\l

e- + p ---+ veZOX.

The reaction (4) gets only contributions [rom heavy hoson ex-
chaogc diagrams and hence ils cross section is very small [4 )
and we are not going to discuss it in this wmk. In Fig. 1, are
shown the diagrams which contribule al the lowest order in o:
al Ihe quark parlo n level lo Ihe proeesses (1 )-(3).
\Ve have discusseJ io dclail ZO-produclion aod also Ihe

kinematics of heavy hoson produetion in deep inelastic C-l'
scaltering [221. In a ¡ater work 1231 is extended the analysis
to Hrx-produetion and pointed oul how to lake care I"orIhe
different ways io which the bosons are arranged in the non-
Abelian couplings diagrams. lo Ref. 24, il W3S extended the
formulae fm HíI boson production for the case in which lhe
lVI basons may have an aoomalous magnelic moment k dif-
ferenl from that prediclcJ by the standard model. We will as-
sume for Ihe tri linear coupling constanls 01'the vector hosons
the folIowiog general form:

sions [6,7]. BUI thcsc authors takc into aceouot only the
,-cxchangc contrihution lo (he cross scctions, Icaving out
heavy hason cxchange. Unfortunatcly. wc can no! compare
direetly al1 our resulIs wilh Ihose rep0rled by Neufeld [G]
and Gabriclli ti] hccausc (hey pcrforrncd thcir computa~
tion applying diffcrcnl cutoffs rm the squares of thF mo-
mentum transfcrs ano the invariant hadronic mass squarc
11" (Gabriel1i has performed bis caiculalions using Ibe
Weizsackcf- \Villiams approximation) or using different par-
tan distritmtions. Howcvcr, for comparison we have calcu-
lated. including only l'-exchangc contribution, (he total cross
seclion ror the proccss e-p --+ veU'-X with a cutorf of
Q( 1)Gey2 for an energy in Ibe eenter of mass of 1, 29GGeY
ami wc found a rcasonablc agrccrncnl with the corrcsponding
results given by Gabrielli [7]. More recently, other authors
have rep0rled more detailed eaiculalions [8-19].1I is nol pos-
sible lo compare l1ircclly all OUT results wilh Ihose of former
papers hecausc dilTcrenl cUlotTsor Jifferenl parton distrihu-
lions where aplicd.
Kim el al. [191 caleulated Ihe 10lal eross seelion for Ibe

reaclions e-]J -7 e-lVI X, e-]J -7 Ve lV- X laking into ac-
count aH the important proJuclion mcchanislIls and study the
dcpcndence 01'Ihe lotal lVI cross sections on the anomalous
IVIVl' eouplings." and A. In Ibe SM al Iree level, A = Oand
K = 1. Al lhe prcsenl time, the hest experimenlal limits are
-3.G < A < 3.5 [20J and -1.3 < " < 3.2 from a reeenl
analysis of Ihe CDr Col1aboration [2IJ. Qur results are in
good agrecmenl with those oblaincd by Kim el al. providcd
Ihal A = O.
Besides the total cross sections we present also results fm

differential cross seclions as a function of the dimensionless
variable y. Qur plols for Ibe y-distribulions for different val-
ues of '" show thallhis quantily can he very uscful to detecl a
devialion of ti from its standard value.
This paper is organized as follows. In Seco 2 we discuss

the IV::!:hoson production in deep inelastic electron proton
scattering, in the case when the charged bosons may have a
non-standard anomalous magnetic moment. Wc consider an
clectroweak moJel, in which the trilinear vcclor hoson cou-
pling conslanls may Jcviale lhrough an anomalous rnagnctic
dipolc 1ll0lllent lcrm fmm Ihose givcn by the standard moJel.
In Seco 3 wc prescnt and discuss OUT rcsults for Ihe tOlal cross
section and y dislributions for Ihe different Jeep inelastic uo-
polarized c- p processes io which a chargeJ veclor boson is
produceJ. Finally, io Seco 4, we summarize our cooclusions.

2. The differential cross section for inclusive
charl:ed non-standard hoson prodllction in
electron proton-scatterinl:

OUT aim in Ihis paper is lo analize lhe effects 01' ti noo-
standard sclf-inleractions 01"lhe weak veclor hosons in lhe
noson production via deep inclaslic e-p collisions(a) at the
10wcsIorder io O. In othcr words wc look for lhe changes in-

3. Results for the dependen ce on K. of the deep
inelastic charged hoson prodllction at CERN
LEP/LHC Enerl:ies

As mcotioncd in the introduclion, lhere exist alreaJy calcula-
tiaos for the depcndencc on the anomalous magnclic Jipole
momenl ti of the Hr::!: 01' tlle ch¡lrgcd hoson produclion via
c-p-scattcring. These calculations were perforrneJ taking
inlo aceount only the contribution from photon exchange di-
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FIGURE l. Feynman diagrams which contribute lo ,he amplitudc of processes (1), (2), and (3). Cupper panel, middle panel, and lower panel,
respectivcly); boson production from the ¡oitial (a) and tlnal (b) leplon (lcptonic vcrtex), ,he ¡n¡tial (e) and fmal (d) quark (hadronic vertex)
and through the non-Abelian couplings (e). 1L slands ror u, e, t, d, s, b; d ror d, s, b ii., c. [;]J. (1/). q, (q') and k for the fom momentum of
(he incoming (outgoing) electron. incoming (outgoing) quark and produced ooson.

O 9
gwwz = etatl w - --0-'cos w

where ()w stand s for the electroweak mixing angle. 9 and
f" are free parameters, K, heing the anomalous rnagnetic

(8)

(7)

In this section we present results for unpolarizcd e-p-
scattering with un electron cnergy Ee = 60 GeY and a
proton energy Ep = 7 TeY, taking lvlz = 91.2 GeY and
Al¡V = 80.3 GeY for the rnasses of the neutral and charged
bosons. We lake enls of .) GeY'. 4 Gey' and 10 Gey' forQ',
(2/2 and the invariant hadronic mass square W. respeclively.
Thesc cuts are suited for the parto n distribution functions of
Lai el al. [5]. which we use in our perforrnances. Bcsides
¡-exchange also hcavy hoson exchange contributions are in-
c1uded in our computations.

has lo he fulfilled in vcry good approximation, in order to
avoid large deviation from p = L Hence we can reduce the
set of relations given in Eq. (6) depending on two Iree param-
eters to a set 01'relalions depending on only one parameter.
namely K, the w::l::; anomalous magnetic moment:

'" cos2 ()ti _ w
Z - ti _ sin2 ()w

dipole momenl of the W"'. Neufeld, Stroughair and Sehild-
knecht [31 have considered the vector boson loop corrcctions
to the l' parameter in lhe eontext of the KMSS model and
concluded that in arder lo get good agreemcnt with the ex-
perimental measuremenls: l' = 1 10 0.05 [251 the relation

(6)

"'z =

Yww.., = e,

agrams lo the eros s scctions. Howcver, \Ve have shown in a
previous work [4] that the eontribution from heavy basan ex-
changc diagrams lo the e-p boson production cannol be nc-
glected. particularly fur the process e-p -+ 1/(' vV- X. Hence
wc will perform complete computalions including besides ¡-
cxchangc diagrams also the contributions of Zo- and Hr::.!::_
cxchangc. For comparison with Gabriclli and Kim el al. cal-
culatinns and to show cxplicitly the importance 01'heavy bo-
son exchange contributions we give also results for lhe cross
seclion rates of lhe process e-p -+ Ve lV- X, leaving out
hcavy hosoll exchange contributions.

In order to get numerical results. we make use of an
eleetroweak model proposed by M. Kuroda el al. (KMSS
model) [2], in whieh the basan s may have self inter-
actions different from those prescribed by the standard
model [lJ. The Lagrangian ofthe KMSS model eontains only
dirnension-tour terms. Por e violation ofthe electromagnelic
vector boson interactions are not allowed. In this model, the
tr¡linear vector boson coupling constants can be written in the
fonn given in Eq.(5) with

e(KtanOw - ~O )
cos w

(e tan ()w - ~)
cos8w
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TABLE 1. Conlriburion lo the total cross sections as a function of"" al LEP/LHC cncrgics Ee = 60 GcV, Ep = 7 TeY.

443

Processes

e-p -t e-U'- X

('.-p -t e-H"+X

e-p-tv"Hr-x

e-p -t Ve ~V-X

(only,-exchange)

3.1. Total cross sections

K=O
6.1 X 10-36

5.3 X 10-36

5.8 X 10-37

3.1 X 10-37

K = 0.5
7.3 X 10-''16

6.8 X 10-36

4.8 X 10-37

3.9 X 10-37

a(cm2)

" = 1(S.M.)

9.8 x 10-36

9.2 X 10-.15

6.6 X 10-37

5.3 X 10-17

""= 1.5
1.6 x 10-35

1..2 X 10-35

9.7 X 10-37

6.8 X 10-37

K=2
2.2 x 10-35

1.8 X 10-35

1.4 X 10-36

8.8 X 10-37

We presenl in Table 1, from Ihe tirsl lo Ihe Ihird line our re-
sults for lhe complete calculations al the lowcst ordcr in O' of
lhe lolal cross seclion 01' processes (1 )-(3), laking differenl
valucs for K. We take the values of Ii = 0,0.5,1,1.5,2 which
do nol dcviatc loo much [rom the SM valuc of K = 1 ac-
cording lo the experimental runge -1.3 < K < 3.2, rcported
by Ihe CDI' collaboralion [21]. From Ihese resulls il is clear
that ir \ViIIbe possible lo detect the cffccts of an srnall dcvia-
lion from Ihe slandard model value 01' " al LEPILHC experi-
Illcnts. In Ihe las1 linc of this Table, we give the fesults fOf the
lotal cross section of proces (3), taking into account only lhe
contrihution from photon exchange diagrams. These resulls
make apparenl the hig importance 01' including the Zo- and
1f':I::-exchange diagram contributions. Our results 01'lhe last
line and lhe corresponding resulIs reported hy Gabrielli [i]
are in reasonable agrcement.

3.2. The y-distribution

In Figs. 2a, 2b and 2c we compare d"T/dy, for different val-
ues of f\,. These plOISshow that the y-dislribution will he an
important tool lo loo k for small devialion from K = 1, spe-
cially for 0.1 ;S y < 0.3. In Fig. 2d we show lhe same calcu-
lations as in Fig. 2e, hut leaving out lhe contribution from ZO
and Hr:l:: hoson exchange diagrams 10 the differcntial cross
seclion. The comparison 01'the results plotted in Figs. 2e ami
2d demonstrate thal lhe heavy boson exehange diagrams con-
Irihulion can grow very much Ihe results da/dy ohlained hy
laking only the ,-exchange conlrihution, in particular in the
region 0.1 <;S y < 0.4.

4. Conclusions

We have analyzed the effects 01' a non-standard anomalous
magnelie dipole moment K 01' the IV:!: in the eharged ba-
son production in unpolarized deep inelaslic e-p-scatlering
al LEP/LHC energics, using lhe eleclroweak model proposcd
by Kuroda et al. [2] (KMSS model), in which " may be dif-
ferent from 1, the value predicled by lhe standard model of
Ihe electroweak inleractions [1]. We found, thal even small

TABLE 11.Total production of nri:: hosons according to our cal-
culalions, for an integrated luminosity of 500 pb-t, at LEP/UIC
energies.

Total Production ",,=0 " = 0.5 fi ::; 1 ~ = 1.5 K=2

of Bosons (S M.)

w+ 2650 3400 4600 6000 9000
W- 3340 3890 5230 8485 11700

dcviations of 1'\, from its standard model value ¡cad to observ-
able cffeets in the prcdictions for e-p charged hoson produe-
tion al LEPILHC cxpcrimcnts.
Taking Mw = 80.3 GeY, sin20w = 0.223, E, =

60 GeY, and E/' = i TeY (energy of Ihe incoming eleclron
and proton, respectivcly), ami using Ihe parton distribulions
of Lai el al., wc prcscnt in Table II the total production of
~V+and ~V- bosons for differenls valucs al' K. From lhesc
results we can see thal it will he easicr to detect effects due lo
" > 1 Ihan lo " < 1.
We have presenled also plols for lhe y dislribulion of the

differenlial crnss section. We found thal this distribution per-
mits a very clear discrimination bctwecn the predictions of
differenls values or ", specially for 0.1 ;S y < 0.3.
Besidcs lhe contribution of ')'-exchangc diagrams we have

also included lhal 01' Z - and W"-exchange diagrams in our
perfonnances. Howcvcr, in arder lo make clear the impor-
tanee of lhe incorporation of the heavy hoson exchange eOI1-
lribulion. we compuled al50 the cross sections and y distrihu-
tions for lhe proccss e-p -+- [le IV- X leaving oul them. We
found thal Ihese cuntrihution can grow [rom around 24.5%
(" = 1) up lo aroond 8i.l% (" = O) the lotal cross seclion
rates, bcing in general particularly important for 0.1 ~ Y ;S
0.4.
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FIGURE 2. Comparison ofthe complete calculation of da /dy of (a) proccss (2) al the lowcsl orJer in o. for differcnl values of the anomalous
magnetic momeot ti, of the nd: (.jS = 1,296 GeV); (h) process (3); (e) proccss (4); (d) leaving out the contritJUtion from the Zo- and
1V::l:.exchange diagrams.

(a) The rcsults for e+p-scaltering can be obtained (rom those of
f'-l'.scattcring hy the rcplacemcnt lV:f: ----+ H'::¡: and ll-type
quarks -H d-typc quarks.
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