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ABSTRACT: We study the interpretation of the CERN monoiet angd
e jet + missing energy events in terms of g new
triplet of color octet vector bosons, W,. We show
that they should also appear in photon-jet final sta-
tes that will provide a clear signature on the exis-—
tence of the ﬁs.

The discovery of the W%, Z at CERNl} have represented
an impressive advance in the experimental test of the standard
model, However, the appearence of some unexpected events in the
same experiments where the W%, 2 have been discoveredzl suggests
that new physics might alsc be present. In this sense, models
where the Wt, Z are composite particles offer an atractive sce-
nario where these strange events could arise in a simple way.
In these models, the SU{2)xU(l) theory of electroweak interac-
tions is neothing but an effective tﬁeory describing an intex-
action remnant of the hypercolor forcerthat bounds the censti-
tuents to form a W¥ or a Z. Until now, however,the problems en-
countered when building a realistic composite model have been
insourrountable . For this reason, the study of the nrherarenclo-
gical implications of the idea of compositeness, without rely-
ing on any especific model, is of great interest.

In this note we discuss the recent rpaper of Gounaris
3) uhere an interpretation of the CERN mcnojet and
e jet+missing energy events is oroposed in terms of the produc-

and Nicolaidis

tion of a new colored vector boson (ﬁs). This particle appears
naturally in models where the constituents of the W:, Z carry
color, In particular, if we assume that the constitusnts are
coler triplets4), they can be bounded in celor singlet states,
corresponding to the usual weak bosons, or in & color octet sta-
te corresponding to the new colored weak boson. In the absence
of color and electromagnetic interactions the wi, Z and ﬁs are
expected to be degenerate in mass, but color forces split the
masses causing the octet to be more massive than the singlet,
Using a nonrelativistic potentizl model one obtains that the

)
mass of the ﬁa is roughly given bys’&

MF) = M@+ 3 aghy (1)

where oy is the strong coupling constant and Ay is the scale

of the hypercolor interaction. Using ag~0.1 and AR ~0.5-1 TeV
one finds

6}

M{W,_ ) = 150 - 230 GeV. (2)



In order to reproduce the low energy neutral-current
phencrmenology we assume a alobal 8U(2) symmetry broken by a y-w?

mixing (analogous to the y-p® mixinag that appears in hadrenic

phenonenoloay) described by the 1aqrangian8’9'10)
Loa=-%AF W (3)
YW 2 uv uv
where F1v W;v) is the photon (W?) field and A is a mixing para-
meter that has Lo be determined. Using 0*-duality ) and assum-

ing that the mass of the first excited state of the ¥ is much

larger than tue mass of the W (Mﬁ,>>Mﬁ), so that one can safely
take intoc account cnly the W contribution, the mass and coupling
contant of the neutral vector boson to fermion wairs are shifi-

ed accordling to

(4}

and

q, = ———— (5}
YI=x7
which are exactly the same expregsions as these of the standard
model if we take

A = sindy (6}

It is interesting to note that, due to the fact that
the W:—Y and W:—g mixings are forbidden by color conservation
and the assumed global SU(2) symmetry, respectivelv, the ﬁe are
degenerate in mass,

] ) i - - *
The main couplings of the W, will be to ga rpairs and

3)

n
to Wa. Pollowing CGounaris and Nicolaidis we shall take for

the lagrangians describing these counlings

a2
L = - L
1 s N, JG (7}
LA =y Aco .
= T nr ate T
L,=~ggh WG, -aj wmv WG {8}
where a=1,...,8 is the color index and the guark current 32 is
given by
R T .
J(}. = & dy, i —:2— LSS (4)

whers a is a model dependent constant of order 1. For definit-

. . - . 3, 6)
ness we will take in all our numerical calculations a=v(

There is also a coupling &aﬁsc, but it will be ignor-

ed because it is not relevant for present encroy phenomenoloqgy.

We can now interoret the CERN moncijet and e jet+mis-
e d ~ - ] :
sing energy events- in terms of W, producticn by ca collisions

through the chains

ad + Wl zg » wWg
(10)

- % * *
au > W, » W g+ e vq,

respectively (Fig. la). The total cross sections for these nro-

cesses are given by

a =%j J —~ra jfr/x)+(i<*j)]c;(rs), (11}

T

a

where ¢;{x) is the distribution function of cuarks 1 in the nro-
ton (we have taken the same distribution function for auark 1 in
the nroton as for anticuark i in the antinroton), 0; are the
cress sections at the parten level and 1= § is the ratio between
the squared C.M. energy of the celliding quarks to the sguared
C.M. enerqy of the colliding orotons. In our calculation we have
used the distribution functions given by Glick, Hoffmann and
Reyalz), that are valid until very high energies and take into
account scaling violaticon effects.

The evolution of the cross-sections is strajghtior-
ward using eos. {7}, (8) and (11). The results obtained for s

=540 GeV are

o {pB W X-w g XoeTug+X) = 1.9%x107 nb
(2)
o (pprul+x+2g+x+vI+X) = 1.0x10 7% nb ,

2}

where the kinematical cuts aoplied by UAl and UAZ in their

analyses of the data have been considered, We have taken M_=
=160 CeV for the mass of the ﬁe' as suggested by the data~™ 3),

\_.m



and g’=q§=gg+4qﬂ2, where g is the standard model weak coupling
constant (gtU.Gé), because the hypercolor structure of W and ﬁa
{in the absence of color forces) are the same. Since the inte-
grated luminosity is -~200 nb! (includinag both experiments}, the
expected numbor of events arxe

# events (ei jet Pp) = 3-4
(13)
# events (jet Fg) = 2,

where PT stands for transverse missing energy. It is interes-
ting to note that the dependence of the cross sections (12) on
the applied kinematical cuts is very small. So, a release of
these cuts would not modify the obtained number of events.

Wwhen comparing eq. (13) with the exverimental data
one sees that the order of magnitude of the expected number of
events is in good agreement with the data, although the predic-
tion of a number of e: jet+missing enerqgy events larger than
the number of monojet events does not seen to be fulfilled by
the data. The accumulated statistics, however, is very poor to
stress a definite conclusion on this subject. In order to allow
for a comparison with the data from the new ccllider run we
have evaluated the cross-section for processes (10) at v5=630
GeVv,

O (PPWS +XoWEGHXet ug+X) = 2,4x10 ~2nb
(14)
g (ppoW,’ +X>Tg+X>vWg+X) = 1.6x10™% nb

and, also, we have plotted the gluon angular distribution in
the pp center of mass system (Fig. 2) for the monojet events.

Further tests of this scenario can be provided by
the study of photon-jet final states in pp collisions. Indeed,
when applying the W,-y mixing mechanism to eq. (8) one obtains,
in addition to the already discussed w:Zg vertex, a wgyg inter-
action given by

a2
L, = -gBlAuw;GGEv—gBAEuvlohuwvalca . (15)

where A, s the vwholon field. Thus, we can calculate the cross-
seetion fov Lhe procuess poeW +XoygrX (Pig. 1bY without introduc-

ing any new free parameter., The results turn out to be

o (D WI+Xryg+X) = 1x10% nb  for Vs=540 CeV
: (16)
1.4%10% nb  for /s5=630 GeV.

i

0 (PDW I 4X>yq+X)

Sa, the expected number of photon-jet events is roughly the
same as the expected number of monojet events. It must be no-
ted that this is a consequence of the assumed global SU(2) sym-
metry and its breaking mechanism through a W,-y mixing, and,
thus, it will be a common fact to all the models where the weak
interaction 1s considered as a residual interaction and the mo-
nojet events are interpreted as »G+jet final states, with the
W being the decay product of a Z. The W) production, however,
can be tested using the angular distribution of the y-jet
events, which is predicted to be proportional to (l-cos?®) in
the pp center of mass system.

In cenclusion, the recently discovered CERN monojet
and e jet+missing eneray events can be considered as a prelimi-
nary indication of the existence of new particles, ﬁs, that
arise in a natural way in a large class of composite models. The
low accumulated statistiCS, however, does not allow to siress
any definite conclusieon. and further tests are needed. This can
be achieved by studying the vhoton-jet events, which are predic-
ted to appear in roughly the same number as the monojet -events
and would provide a clear W] signature.

The author is qgrateful to R,D. Peccel and K. Hagiwara
for many useful discussions and t¢ A, Bramon for critical reading
of the manuscript. The author alsc aknowledges the kind hospita-
lity extended to him by the DESY'Theory Group.



FIGURE CAPTIONS

Fig. l.- Feynman diagrams for
a) pﬁ+w§(wg)+x+wi(z)q+x+e1v(v$)g+x
b} pprW +XsygeX

Fig. 2.- CGluon angular distribution in the_p§ center of mass
system for the monojet events.
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