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Nonsupersymmetric interpretation of the ete™ yy + missing energy event observed
by the Collider Detector at Fermilab
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The ete” yy+E; event reported recently by the CDF Collaboration has been interpreted as a signal of
supersymmetry in several recent papers. In this Rapid Communication, we report on an alternative nonsuper-
symmetric interpretation of the event using an extension of the standard model that contains new physics at the
electroweak scale that does not effect the existing precision electroweak data. We extend the standard model by
including an extra sequential generation of fermions, heavy right-handed neutrinos for all generations, and an
extra singly charged S@)-singlet Higgs boson. We discuss possible ways to discriminate this from the
standard supersymemtric interpretatigf&0556-282196)50319-X

PACS numbes): 12.60—i, 13.85.Qk, 14.65-q, 14.80—j

The Collider Detector at FermilaiCDF) Collaboration contains (i) an extra sequential generation denoted by
[1] has recently reported an event that contains a har@,=(t',b’),, tg,bg L,=(N,E)_, Ng, Eg, (i) right-
electron-positron pair with two hard photons and missinghanded S\(2)-singlet neutrinos ¥;g) corresponding to the
transverse energy. The standard ma@\) background for first three generations, andiii) a singly charged
this event is negligibl¢1]; therefore, if more events such as SU(2)-singlet scalar denoted by(=7") that can only
this are obtained further, it will indeed signal the existence ofcouple to L, and not to Q4. An absolutely model-
new physics beyond the SM. In two recent pages)], it independent bound on any of the fourth-generation masses is
has been proposed that this single event is consistent with ' z/2, which comes from its nonobservation at the CERN

P ; — == e*e” collider LEP 1. The CDF Collaboration has put an
supersymmetric interpretation, when e.gq—eger with experimental lower limit on theé’ mass as 85 GeV froF;n an
either () eg—e+y followed by y—y+G or (i) .55 6is of two-lepton final statdd]. The nondegeneracy
er— e+ x; followed by x,— x1+ ¥ (G denotes a massless gmong the multiplet members is restricted to be within
goldstino in the gauge mediated low-energy supersymmetry=_ 109 GeV from the near consistency of the oblique elec-
breaking scenario anck,, denote the lightest and the gqyeakp parameter with unitj4]. Another important con-
second-lightest neutralino, respectiveliClearly, this has guaint is that a heavy sequential generation of degenerate
given further boost to the activities in the area of SUPErSyMsermions contributesr 2/3w to the oblique electroweak pa-
metry (SUSY), which already enjoys a number of theoretical ;5 meters and with the present precision of electroweak data
advantages in terms of understanding the puzzles of the SMye complete sequential generation can still be accommo-
WIuIe_ this type ofe"e yy+Er events(or for that matter  yaeq[5]. The fermions of the fourth generation are kept
p'pyyt+Er events, if they appeareceives a natural in- paavy enough so that they do not effect any other conse-

terpretation in terms of SUSY, before one can be completel)é]uence of the SM. It may also be noted that thanduced

sure about this, one must rule out any other reasonable no riangle loop at theZbb vertex adds correction in the same

supersymmetric interpretation. The purpose of this Rapi firection as the-induced loop; however, the —b charged-

Communication is to point out that the reported experimenta o
. , . . rrent mixing angl n be k mall enough n worsen
features of the single*e yy+E; can be obtained in a current g angle can be kept small enough not to worse

simple weak scale extension of the SM without invokingthe situation further as far &y, is concerned. The relevant
SUSY. While the model we present is completely cons;istenpart of the new Yukawa Lagrangian of the model looks like

with all known low-energy data and could easily be a viable | new_ ¢ _+ ro+ + +
model of particle physicg};t the electroweak sca%e, our goal isLY =T lirvit fin lieNet o Ervit TeinLal
more to present it as a possible alternative to SUSY that can +f;;7 LiL;+hLiHpr+H.c., 1
fake the CDF signal. If more such “zo0” events accumulate,
an experimental discrimination is necessary before one cawherel;=e, «,7; the subscripti,j also go overe,u,r; L,
acceptprima faciethat SUSY itself is manifesting. andL; in the above equation denote the SU(®lpublet part
The model we propose is based on the SM gauge groupf the fourth and the first three generations, respectively, and
SU(2).XU(1)y. In addition to the particles of the SM, it H is the Higgs field. In the first term in the Lagrangian, we
have kept only the diagonal terms for simplicity. To start
with, let us assume that=e, i.e., new physics couples only
:Electronic address: gautam@ipifidpt.difi.unipi.it to the first generation, except féf; where antisymmetry in
Electronic address: rmohapatra@umdhep.umd.edu the indices implyj = u or 7. v;g have large Majorana masses
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in the ~65 GeV region. The smallness of the left-handed SMGeV andM =150 GeV or so. Note that the presence of the
neutrino masses can be explained by adjusting the offfourth-generation lepton is crucial for this purpose. The
diagonal Dirac masses invoking the usual seesaw mech@urely W- and Z-mediated decay widths mentioned above
nism. We will show below that iMg v>M,>M, _ are sat-  are much smaller than the photonic decay mods,jf< 4.5

isfied and if f;; is vanishingly small, then in a hadron Kev for M, =65 GeV, leading tovegr— ve+y as the

collider, one can pair producg by gauge interactiqns with dominant decay mode of the,g. The kinematics is similar
7—€rver followed by veg—vet y. To explain the kinemat- 4,0 avitino mode discussed in Refig,3]. We also ex-
ics of the e"e” yy+E; event, we will assume that pect thev,g to travel about-10"3(10" 2/ ,.fz)? mm be-

M,=100 GeV andM, =65 GeV. We will show that for
K . eR fore decay. For lower values of tHeparameters, one should
our choice of the parameters, both the above decays ConSﬁSbserve a displaced vertex for the photons fromethe .

0 ) . 4 .
tute almost 100% branching ratios and the emerging fina An interesting set of predictions follow if we switch on

sf[ates(electrons andy _s) are hard as required. It is aneces- o0 couplings in the modéle., f . .f,. fe,#0). If
sity to assume the existence of the fourth-generation leptons L e
we would expect

which in conjunction withf;;=0 guarantees a virtually we assum? analqgously thm”uR<M’7’
100% branching ratio to the.g— v,y decay mode and pre- the branching ratio for the electron to muon modes to be
vents other channelsuch asv,v,e’e” etc) from appear- ~ proportional to f2/f2 as a result, one would get also
ing as final states im.r decay. Moreover, the couplifghas 1" u™ yy+ Eq-type events irpp collider experiments if the
to be smaller than~0.1 to suppress decay modes like muon-neutrino mass is assumed to be less than 4.5 keV.
ver— vebb. This nonsupersymmetric scenario can provide However, the presence of bofl, and fg,, will lead to
as good an explanation of the CFe” yy+ E; event. the rare process such as—ey or u—3e. This in turn will
In the simplest version of the model with put constraints on the simultaneous production of bexth
fe.f4e.fee#0, f;;=0 and all other couplings involving the and pu-type events. To see these constraints in detail, we
second- and third-generation leptons switched off, the massalculate theB(u—e+ ) and find that the present upper
hierarchy mentioned in the previous paragraph implies thalimit of 4.9x10 ! on it implies thatfgfg,<6x 10 ° and
all the new heavy particles except thgg have tree-level fg f.<6x10 8 Onceu— ey bound is satisfiedy— 3e is
decays to lighter particles by virtue of the interactions in Eq.also seen to be satisfied. Requiring thg; and thev , to
1. Infact it is required that all heavy paricles must decay intodecay inside the detector puts the following constraints on
lighter ones before-1 s or so since injecting extra energy at the couplingsf 4ofg.>8x10° andf,,fg,>8X 10°%. Itis
the nucleosynthesis era is cosmologically troublesomepossible to satisfy all these constraints simultaneously by
Guarded by all these requirements we are now set to see hasppropriately choosing the Yukawa coupling parameters.
this model can explain thete™ yy—+E; event. In this scenario, one should expect the number of events
The first step is the pair production efs by gauge in- of ee, uw-, and eu-types to satisfy the relation
teractlgns. Since the has the same gauge quantum numberNgM: NeeN,, .., Which is different from the prediction of the
as theeg, its production cross section is at the 10 fb level for SUSY mode[2,3] where any mixeeu-type event will arise
mass of order 100 GeV or gsee, e.9.[2,3,6 for numerical  only from the r7-type events. In our case the number of
detaily. Being lighter tharE or N, 7 will decay tovegt€  rr-type events will be proportional to another paramdter
with a strength proportional td2; we assume that the and is therefore arbitrary. The relative numbeeefyy- and
M,—M, =35 GeV or so to understand the observed elecyuuyy-type events can therefore be used to distinguish this
tron energy. Let us now look for the decay mfy; since we ~ model from its SUSY counterpart. _
setf;=0 andM,>M,__, the only tree-level decays for the A few additional comments regarding the model are in

vegr are through its mixings with the light neutrino via the order.

seesaw mechanism and these decays can be ditheadi- (i) The new Yukawa interaction will induce corrections to
ated orW* mediated leading togg— 3w OF veg— vl 71"~ Z—eeup and also taZ—inv at the one-loop level vig-

The decay widths for these processes are given b Fd L4-erl1eéjiated .tr:;anglis. For Exalmf';[) Iﬁ ' tr:je(;rele level cou-
T3y or vete-=(GEM> /1927%)(m, IM, o note that they 'ng 9L—t3—Q623| 0\’\’20 Ztot ?5 elt-hande ?lectro_n 1S
eR L e Hwodmed by ~fgJ16m°=6.3X10 > for fg,~10 . It is
pgrfectly compatible with the precision of leptonic branching
. : ; 4 ratio of Z at LEP, which is presently at the per mille level.
amplitude for this decay arises from theand » flowing as Flavor-violating Z—eu will also be induced for simulta-

virtual particles in the loop. This decay is controlled by the :
g . ) . neous presence @& and u-related new Yukawa couplings
heavy fourth-generation masses and its amplitude is esti- . 212
mated to be generating an effect of ordef (fg.fg,/167°)° and the con-
dition of satisfyingu— ey automatically takes care of its
¢ consistency with experiment. The new Yukawa couplings
A(Ver— vey)= “E_ZEee ' ) also add corrections t@—2 of the electron of order
e 16m*Me = (f2m3/16w°M2), which is at the level of 10" for our
choice of parameters safisfying present measurements.
Although this is a loop decay, it can dominate the tree-level (ii) The standard neutrinos are massive in this model.
decay that is suppressed by light neutrino masses, mentionétbwever, their masses are arbitrary since they depend on the
earlier. The one-loop decay width for the,g is about values of the corresponding Dirac masses from the seesaw
I, .~1.8X 10710 GeV for fe=Ffge=10"1 for M, =65 formula and hence can be tuned to the desired values.

are suppressed by the small neutrino masses. However, at t
one-loop level, one gets the penguin deegy— v+ v. The
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(iii) A recent publication by the L3 Collaboration of LEP  In conclusion, we have presented a nonsupersymmetric
[7] gives experimental lower limits on the masses of theinterpretation of the CDRe"e™ yy+ E; event by invoking
sequential leptonk andN from their nonobservation. They new physics at the electroweak scale in the context of an
exclude the rang® <61 GeV andM\<48.6 GeV on the extended particle content for the SM that has a fourth se-
basis of nearly 6 pb* data collected at/s = 130 — 136  quential fermion generation and massive Majorana right-
GeV run at LEP last year. Since we assume these masseshanded neutrinos and a singly charged scalar. The kinematics
the 100 GeV range, our model is consistent with theseyf our model can be set exactly analogous to the SUSY sce-
bounds. The possibility of observing the sequential leptons imario while fitting the CDF event —the singly charged scalar
the oncoming phases of LEP 2 run have been investigategiaying the role of selectron and the right-handed neutrino
[8] with the conclusion that their mass reach could go veryacting as a counterpart of the next-to-lightest supersymmetric
close to their kinematic limits under favorable conditions. particle. We admit that our scenario is quiel hoc and
(iv) It may be noted that the masses of the fourth-generatiopyjiored to fit the CDFe* e~ yy+ E; event. However, it has
leptons are bounded by the electroweak symmetry-breakingome features quite distinct from SUSY and, if this type of
scale. As far as the neutrino states of the fourth generation,gq” event shows up in large number, it may be possible to
are concerned, the masses of the two Majorana eigenstatggtinguish between the two scenarios.

are My =v2,/M [where v =246 GeV, the SM vacuum
ex ectétion valu€VEV)] andM ~M, induced by the see- The work of R.N.M. was supported by a grant from the
P i N2 ! o y National Science Foundation, the Distinguished Faculty Re-
saw mechanism. The experimental lower limit Mf/2 on  gearch program of the University of Maryland, and a grant
the lighter ongfrom theZ-invisible width constraintat LEP  from the US-Israel Binational Science Foundation. G.B.
implies an upper boundy,<2v{,/Mz=1.3 TeV on the would like to acknowledge the hospitality of the University
heavier eigenstatgd]. Therefore future colliders, e.g., the of Maryland where most of the work was done and thank
Next Linear CollideNLC), have chances to see them underRiccardo Barbieri for a careful reading of the manuscript and
favorable conditions. suggesting improvements.
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