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The lowest-dimensional representation of the grogp@ntains both the standard quarks and leptons and a
set of exotic quarks and leptons whose decays can involve a series of chains ending in radiative decay of one
light neutrino species into another. An example is given based on the decompositiorSB(2), X SU(6),
where SUY2), is an “inert” subgroup whose gauge bosoMt) andZ, are all electromagnetically neutral,
while SU(6) contains the conventional $8) grand-unified group. The possibility is explored that such a chain
is responsible for an event observed by the Collider Detector at Fermilab involving the production in proton-
antiproton collisions ate.,=1.8 TeV of an electron-positron pair, two photons, and missing energy
(e"e” yyE;). [S0556-282(97)05705-§

PACS numbsgps): 14.70.Pw, 12.10.Dm, 12.60.Cn, 13.38.Dg

[. INTRODUCTION nonsupersymmetric modgl0]. There is still a need for ex-
tensive discussions of standard-model backgrounds and al-
The “grand unification” of strong and electroweak inter- ternative experimental interpretations for this event, such as
actions in a larger symmetry, and the identification of quarkgnultiple interactions, radiative production ¥f pairs, effects
and leptons as objects related to one another under this syrff cracks in the detector, quality of lepton identification, and
metry, involve such groups as 8 [1], SO10) [2], and g SO On. _
[3]. We briefly recall some properties of each group. Whl_le we are aware of the. Qangers of ;peculgtlons_based
Within SU(5) a specific choice of representations 9N @ single event, the possibility that one is seeing evidence
(5* +10) is required for the left-handed fermions in order to fOr @n extended gauge structufguch as occurs in § is
accommodate the known states and to eliminate anomalieSUfficiently appealing and predictive that it is worth consid-
This choice is automatic if left-handed fermions are assigne ring at present, even though many of the predlct|on§ have
to the 16-dimensional spinor multiplet of $10); the addi- een In the literature for some tl_me. Our plcture W'I.I be
tional state is a right-handed neutrino. Anomalies are no xplicitly nonsupersymmetric and is meant in part to lus-
resent in SCLO) lon matter b. lonas t molet rate the pitfalls of too hasty a conclusion that a given class
brese » as long as matter belongs 10 COMPIELe ¢ o\ ents has proved the validity of low-energy supersym-
multiplets. metry
The onvest-d|men3|onal representatidv) of the group In Sec. Il we recall some of the necessary Broup
Es con.talns“the1.6”c;f SQ(10), as well as ten- and one- theqry |mplications for the CDE* e~ yyE7 event and oth-
dimensional*“exotic” ) representations of S@0). There has  ers produced in hadron colliders are treated in Sec. Ill. Some
been some interest ing=as a result of its appearance in signatures in other machines are noted in Sec. IV, while Sec.

certain versions of superstring theor{@s5]. V concludes.
In the present article we discuss some properties of a de-
composition[6,7] of Eg into a subgroup S(2), X SU(6), Il. DECOMPOSITION
where the subscrigtstands for “inert.” The SW6) contains
the conventional grand-unified group &Y and an addi- A. Multiplet structure

tional U(1) factor which may be denoted(l)s;. The gauge The 27 of Eg corresponding to the first family of left-

bosons of S(R);xU(1)s, are all electromagnetically neu- nanded quarks and leptons may be decomposed in the fol-
tral. These gauge bosons may mediate some interesting prswing manner under S@), x SU(6):

cesses in hadronic collisions, electron-positron annihilations,
ande™ p reactions.

We have been stimulated to recall features of the present " h. d.]
E¢ decomposition by the Collider Detector at Fermilab e
(CDF) Collaboration’s report[8] of an event with an h, d,
electron-positron pair, two photons, and missing energy he da
(e*e” yyEq), produced in proton-antiproton collisions at (2,,6%), = 3 3 (1)
E.n=1.8 TeV. Alternative interpretations of this event have PELT e we |
appeared within the context of supersymmég&iand in one E- e
Ne Ne

*Permanent address.
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TABLE I. Higgs bosons belonging to ti#&-plet of Eg and their

0 Uz —u, d up  hy transformation properties under some of its subgroups.
—u3 0 u dy Uy hy Boson Iy 1y Qs What its VEV does
u -u O d u h =
2 ! 8 8 _3 VE 1/2 1/2 1 Gived,e Dirac mass
(4,19.=| -d;, —-d, —-d; © et Ngl- Ve 1/2 -1/2 1 Mixes exotics, nonexotics
-u; —u, —uz —e’ 0 E* No 0 12 —5  Mixes exotics, nonexotics
“h, —-h, —h. —-N. —-E* 0O Ne 0 —-1/2 -5  Givesh,vg,E Dirac mass
! 2 3 E Ne —1/2 0 4 Givesu, v Dirac mass

Similar decompositions hold for the second and third quark- .
lepton families. the photon and have masses large enough that they will not

Although the exotic fermions in Ehave been discussed have been produced in the tens of millionsztlecays ob-
. 9 . . served at the CERN LEP electron-positron collider and in the
previously(see, e.g.[3] and[13]), we review them briefly.

. ; smaller amount of data collected at higher energies. The
We mention the properties of the left-handed states; those g g

ass splittings will be implemented by means of Higgs
the right-handed states may be obtained@R conjugation.  ,55ons pbelognging to azg—plet of EZ through thegg
h is a weak-isosinglet quark with chargel/3. '

: Eg-invariant trilinear coupling of thre@7s.
ve and E” are members of a weak isodoublet; so are “The similarity of Higgs and fermion representations is a
E* andNg. We write Ng rather thanvg to stress the possi- feature which makes Eparticularly appealing in supersym-
bility that »z andNg may be two distinct Majorana neutrinos metric theories. Thus, without making any necessary claims
rather than components of a single Dirac neutrino. of supersymmetry, we will use a tilde to denote a scalar
N, is the left-handed antiparticléhe CP conjugaté of particle transforming in the same manner undeg_ &
the right-handed neutrinbl,. As in the previous casey SU(2),xSU(6) as the neutral states in EGL). The Higgs

- . ) bosons, their transformation properties, and the effects
andN, may be two d'St'n(.:t Majorana neutrinos rather thanof their vacuum expectation valué¥EV's) are listed in
components of a single Dirac neutrino. Table |

Ne is @ Majorana neutrino which is a singlet under both  the “standard” Higgs bosons in the present notation are
left-handed and right-handed 8). =

All the exotic fermions listed above except may be € and Ng. Sufficiently large Dirac masses for the exotic
assigned to d0-plet of SQ10) under E;— SO(10)xU(1).  fermionsh, vg, andE may be generated by a VEV_of the
The n, may be assigned to a singlet of @0). An alterna- bosonn,. Such a Dirac mass term couples with Ng.
tive assignment to SQ@QO0) multiplets is generated by inter- Exotic fermions may be mixed with nonexotic ones via
changing states in the two columns & (6*)_ [11,12. VEV’s of the two remaining Higgs bosong andN_ . These

With the above descriptions it should be clear how subVEV’s may be very small if some selection rule forbids the
groups of SW6), such as color S(8) and weak(left-handedd ~ mixing of exotic and nonexotic fermions. Thus, a reasonable
SU(2), act on the multiplets in Eq1). For example, in the hierarchy for VEV's would be
multiplet (2,,6*), , color SU3) acts on the first three rows, - -
while SU2), acts on the fourth and fifth rows. The conven-  (Ng)=1 TeVs>((vg),(Ng))=0(v)>((ve),(Ng)), (2)
tional grand-unified S(b) acts on the first five rows. The _ Y~ — 12 .
behavior of SW6) subgroups acting on thks is best seen by where v=246 _GeV=2 Gr characterizes  the

electroweak-breaking scale.

constructing it as the antlsymTeLrlc product of . As mentioned in Ref[14], one can describe all fermion

Thus, (j,di). (i=1,2,3) and E",Ng) form SU2), dou-  masses satisfactorily using the pattern suggested by Table |

blets. and employing E-invariant couplings, with the exception of
neutrinos. Since Dirac masses for up-type quarks and neutri-

B. U(1) charges in SU6) — SU(5) x U(1) nos both arise through the VEV of the Higgs bodega, one

The simplest pattern of subsequent breakdown after Eneeds(i) to introduce some additional source of a large Ma-
— SU(2), X SU(6) is SU6) — SU(5)XU(1)5;, where SWS)  jorana mass foN, (see, e.g.[15]), thereby causing ordinary
is the conventional grand-unified group andll}; denotes neutrinos to have very small Majorana maskEs], (i) to
an extra W1) factor. Adopting integral values for the charges provide an additional singlet of gwith which N, can form
Qs; of this U(1), we may decompose tH" of SU(6) in Eq.  a Dirac masg11], or (iii) to explicitly forbid the trilinear
(1) as6* =57 +1 5 and, since al5 is the antisymmetric coupling between a pair of fermions transforming as
product of two6's, we find 15=10_,+5,. Here, the bold- (2, ,6*), and a boson transforming a4, (15), . We shall
face numbers on the right denote the dimension of thé6BU  aqopt the last point of view, since a fairly light, will play
representation, while the subscripts denote tli#) bharges 4 jikely role in our explanation of the* e~ yyE event. We
Qs1. regard this as the least satisfactory feature of the present

model.
C. Fermion masses There appears to be no phenomenological need to gener-

We seek a pattern of mass splittings consistent with th@t€ & mass fone, and no_source of such a mass except
hypothesis that all the exotic fermions which can couple tahrough the coupling$,veNg or n.Ngveg (whose effects
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could be well overwhelmed by a Dirac mass involving the A. Production and decay ofZ,

pairing of Ng with vg). Thus,an appealing candidate for a The states coupling taz, are the members of the
light state is the state 1 as has been pointed out eIsewhere(2I ,6%)_ in Eq. (1). Each state couples with equal strength,
[12,17-19. _ _ since each has; =+1/2. TheZ, can be produced in the
The Dirac masses of the exotic fermiohsE, and ve  girect channel in electron-positron collisions, or it can be
could be of any values high enough to evade bounds assoGhioduced in hadronic collisions via tidd— Z, subprocess.

ated with Z .decays _a_nd with more recent highr-erlergySinced quarks are softer thamquarks in a protoitand there
electron-positron collision experiments at the CERNe are fewer of ther the production ofZ, at the Fermilab

collider LEP. As in the case df and 7, masses which start o\ a1r0n (involving proton-antiproton collisionswill be

out 'def.‘“ca' at very small d|st_anc_e scales W'II evol_ve a_tmore difficult than that of most othet’ states within E
larger distances as a result of differing gauge interactions i 21]. One can see this feature in the relatively weak limits

such a way that one will expect exotic quarks to be MOrey - ced onZ, production in present Tevatron data2]. A

massive(perhaps by roughly the facton,/m,) than exotic Z, of 511 GeV(corresponding to the highest-masse™ pair
leptons. observed by CDFis a possible candidate for such a state.
The branching ratios foZ, decay can be deduced from

D. Exotic gauge boson masses and couplings the states with masses beldWZ,)/2 with | 3= *1/2, as in

: Eq. (1). Thus, for three such families, the branching ratio to
ang@g;ﬁg&gi;‘g&?; Fﬁ?&‘gi"‘;gfﬁggg (é) It;:esgt(s; e"e” would be 1/36=3%, not very different frqm t_hat of a
dard weak hyperchargethe gauge bosons corresponding tostandardZ. The presence of superpartners in final states
the broken symmetries obtain superheavy masses. Thus, v\\’/\éomd lower branching ratios iur}rhéiES]. )
are left with the gauge bosons of &Y, <U(1)s, to discuss. The subprocessld—Z,—e"e" is characterized by a

In the hierarchy(2), the largest VEV is acquired by a Maximal angular asymmetryy.e., Arg= —3/4) in the back-
doublet of SU2), with nonzero charg®s, . This situation is  Ward direction24], as one can see from the couplings in Eq.
very close to that of the Weinberg-Salam model. If this werell): This is in contrast with the large forward asymmetry
the only source of S(2), X U(1) s, breaking, we would have Ars=0.6 expected24] and observed25] for the subpro-
three massive bosortsvo lighter than the thirdand a mass- cessesu or dd)—(y*,Z*)—e"e" in the standard model
less boson. For simplicity, we assume instead that théor e"e” masses in the Drell-Yan continuum well above the
U(1) s, factor is broken at a high mass scale by some othef-
mechanism and that we have only to deal with(3y. In ~ _The Z; can decay to pairs of exotic fermions such as
that case we will have a theory equivalent to the Weinberghh, vevg, ETE™, NoNg, andngn,. It thus acts as a gate-
Salam model with9=0, and there will be three electromag- way from the conventional world to exotic matter, allowing
netically neutral bosons, each with mass of several hundrethe production of higher-mass states states produced with
GeV. [A lower limit of order 10° GeV on the scale of more transverse momentinthan the conventional Drell-
SU(2), breaking was obtained if20] with specific model- Yan processes involving virtual photor&’s, or gluons.
dependent assumptions and does not apply here.

We use the notatiowfi) for two of the neutral bosons to B. Processes mediated bW, exchange
denote the fact that they chanég by £1 unit. The third
boson(which couples td ;; but does not change)iwill be
denoted byZ,. The masses of the three bosons will be

Every member of one column of th(6*), multiplet in
Eg. (1) can couple to the corresponding member of the other
column through emission or absorption of(@obably vir-
tual) W,. In some cases, as in top quark decay, the gauge
Mi=g,\Vi2, V2= (W)? (3  boson which mediates the decay may even be on its mass
! shell. There thus arises the possibility of a new class of
decays, whose details depend on the combined masses of
whereg, is the SU2), coupling constanfiprobably no stron-  various doublets of S(2), .
ger than the standard $2), electroweak coupling constgnt ~ We have argued that the statesare likely to be fairly
and the sum is over all families of Higgs bosons transformJight. One possibility for the end product of decays mediated
ing asn,. V is likely to be a number of order 1 TeV if the by W, exchange is for them to involwen pairs. This mecha-
exotic fermions discussed above are to be responsible fafism will make sense iN does not acquire too large a Ma-
signals observed in present collider experiments. The pOSSjorana mass, or is somehow prevented from acquiring a
bility of a secondZ’ within Eg, if one does not choose to Dirac mass in combination wit. A means must then be
break the W1)s, symmetry at some high mass scale, shouldound for theN to decay. This may take place through a

be kept in mind. radiative mechanism such &— yn. Such processes can
arise as a result of loop diagrams involving mixiriy,18].
Ill. EFFECTS OF W, AND Z, AT HADRON COLLIDERS The lifetime must be sufficiently short so that the decay oc-
curs within the detectofso that photons are deteciethut
Some features of exotic fermion production and decay Vianot short enough to imply large flavor-changing neutral cur-
gauge interactions mediated by, andZ, were discussed in rents, on which there are stringent constraif2]. In the
[7]. We concentrate in this section on production did  following subsection we discuss the appropriate constraints
collisions and decay vi&V, exchange. in more detail.
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An alternative “lightest pair” would bevgv,. In that E-E* pair via the subprocesgazlqE*E (which has a
case it would be theg which would have to undergo radia- maximal negative forward-backward asymmetrjgg
tive decay, perhaps tgve. _ . =-3/4, asdoesld—Z,—e e"). TheE™ states then decay

Box diagrams involvingW, exghange and mte_rmedlate 0 e* and virtual(or perhaps realW,’s, which then materi-
h-type quarks can lead to effective flavor-changing neutra lize into whatever doublets of $2), are energetically ac-

interactions of 'ghe right-handed, s, andb quarks or the|r_ cessible(such as the possibilities mentioned abovighe de-
left-handed antiquark counterpafiss these are the ones in . , .
cays of virtualw,’s are thus conceivable sources of photons

SU(2), doublet3. The suppression of these interactions be—+ (missing energyin a wide class of events
low the levels of ordinary flavor-changing neutral interac- A likel for E lies b h Lo b

tions induced by S(2), interactions imposes constraints on Ikely mass Tore lies etween the maximum beam
the Cabibbo-Kobayashi-MaskawdCKM)-like matrix de- €nerdy currently attained by LEE0.5 GeV and slightly
scribing the SWR), couplings between, s, b and the cor- below one-half the mass of thg, cgnd|date mentioned
respondingh-type quarks. These appear to be easily satisfie@P0ve(511 GeV/2=250 GeV). Depending on the masses of
for h-type quarks no heavier than the top quark A the other exotic fermions, th&, could decay to a number of
masses in the range of several hundred GeV. A more seriolirs of such states, including exotic charged leptons which
constraint could, in principle, arise from the processwe may callM andT of the second and third familiegh

n— ey, which can be mediated by loops involvingg and  (for one or more familiesand the SW2),-doublet exotic

an intermediate exotic charged lepton. Retracing steps takareutral leptongsee Eq.(1)]. At the very least, one should

in [27], it turns out that with reasonable assumptions abouéxpect to see at least omgvg pair, most likely leading to a
mixing between light and heavy leptons this process is prepair of photons and missing energy as discussed below in

dicted to occur at a rate below present limits. Sec. IV A.
C. Constraints on radiative decay E. Scalar particles
We now return to the deca— yn which must take The existence of an extended Higgs structure withi E

place through a loop diagram as a result of mixing. Thepased on bosons belonging to tB&plet, implies that, in
discussions of17,18,27 can be adapted to evaluate the rateaqdition to the neutral bosons noted in Table I, there are
under any given set of assumptions. For illustration, we asjikely to be some light scalars with electromagnetic charges
sume that loop diagrams involving ordinafys and charged  — 1 (Some of the corresponding colored scalars can me-
leptonse™ andE™ are responsible for the decays, with the yi51a proton decay and must be very he#2g].) We men-
weak e|ger?states C_OUPIGd to thié's and charged leptons 4 g possibility only to note how rich thedspectrum is
corresponding to mixtures betweer andN, and between jikely to be; to demonstrate that it is evidence for supersym-
ve andne. If Ne has mas$/ andn, has massn, the rate for  metry may require considerable effort, such as the compari-
Ne— yNe is [17] son of couplings with one another.

IVEIVE: 2\ 3
aGgM 4M ( _m_z) 4) F. Other signatures in hadron collisions
16 M<) .

4 The exchange of virtualV, quanta can lead to the pro-

duction of pairs of exotic quarks through the process

d—hh at subenergies below that where dir@tproduc-

ion can contribut¢?7]. Whether througi, exchange or via
Z, in the direct channel, the angular asymmetry of the sub-
process should be maximéle., Acg=23/4) in the forward
direction. The decays di andh will be similar to those of
E* and E™, but with down-type quarks replacing charged

where M represents a sum of charged lepton masse
weighted by products of mixing factors, and we have use
the crude approximatioM <M,y. Form<M =50 GeV(an
illustrative maspsand M =50 GeV (as one might expect if
the mixing factors were of order unijtyone obtains a decay
rate of order X 10 s~ 1. If M is a factor of 18 smaller
(corresponding to reduction of each mixing factor by)10

o _ o leptons.
1 m _
the decay rate is still 310° s™*, comfortably within Fhe Production ofvgvg pairs throughZ, decay should lead to
detector.(Note that the secondary vertex fidi,— yn, will pairs of photons+ (missing energy if the major decay

not be visible; all that is required is that the decay occurgygdes ofvg are radiative or involve a radiative chain.
before the electromagnetic calorimetek. mixing factor for It may be that decays such BS — vg+(---)~ can com-
the v, below 10 2 will be consistent with weak universality, pete favorably with decays mediated By . In that case the
and no problems with flavor-changing neutral currents argystem (--) can be any decay product of (probably vir-
anticipated as long as such mixings are confined to the NeYal W, and may include hadron jets as well as leptons of

tral lepton sector. any flavor. However, if a large weak-isosinglet Dirac mass is
induced for bothE and vg, these two states may be fairly
D. Interpretation of the CDF e*e~ yyE event close to each other in mass.

One event of the fornpp— e*e yyE+--- (event
257 646 of run 68 73ohas been reported gs=1.8 TeV by
the CDF Collaboration at the Fermilab Tevat{@. A pos- Another exotic evenfrun 67 581/event 129 896eported
sible interpretation of this event is the production of anby the CDF Collaboratior{8] involves ane*e™ pair, a

G. CDF trilepton event
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TABLE ll. Cross sections o [in units  of  Z pole (where only the virtual photon dominajesnd when
oo=o(e’e”"—y*—u*pu7)]fore*e” production of pairs of fer- it is far above theZ (where the interference in vector contri-
mions ff via virtual photons and'’s in the direct channel. Here, butions of the photon and is possiblg. In computing the
t-channel exchanges are neglecteddandv, . Theve is assumed  values ofg, andg, for E- and a Dirac neutrinag, one
to be a Dirac neutrino. Values gf, are quoted fox=0.2315. QCD  must recall that both left-handed and right-handed states

corrections to quark production have been neglected. have the same value df, : —1/2 for E- and +1/2 for

. VE.
Fermion . . oloofar ooy far All the exotic fermionsh, E, and v (assuming the last is
f Qr v gn  belowz  aboveZ a Dirac particl¢ are produced exclusively via their vector
u 2/3 00957 —1/4 4/3 1.80 couplings, and so are excited with a cross section which
d —13 -01728 1/4 13 0.92 attains its maximum not far above the threshold energy
- Ew. The peak occurs at the maximum value gB{3
e ~1  -00185 1/4 1 113 En. The p re ol
v 0 1/4 14 0 0.25 B)(1-pB%), or E.,=1.18&,, for very heavy fermions,
e .

but somewhat lower when the ratid,/2m; is non-

h -1/3 0.0772 0 1/3 0.35 S L

_ negligible as a result of the proximity of tizepole. Thus, for
E ~1 -028 0 ! 120 oxample, for Dirac neutrinos witm(vg) =70, 80, 90 GeV
Ve 0 12 0 0 0.50 example, fo ac neutrinos (vg)=70, 80, e

the respective cross sections ®fe” — vgve peak at 2.9,
1.8, and 1.2 pb foE. ,=154, 179, and 204 GeV, which are
10, 1.12, and 1.13 timesy, .

With our present interpretation of the CD¥F e~ yyE+
event, the lowest-energy signature for new physics in an
glectron-positron collidefsuch as LEPcould be the process
e"e” —Z* —vevg, followed by the radiative decay of each
ve to yn.. In this case, one would see events with two
noncoplanar photons whose energies would become more
and more monochromatic as the machine energy was low-
ered towardvgvg threshold. Such a signature is also a fea-
A. Electron-positron colliders ture of neutralino pair production in several supersymmetric

The reactione*e”—Z,—--- is an obvious gateway to scenariog9]. On the other hand, if it is thél, and not the
new physics. Howevei7], one can also expect an observable Ve which_is undergoing radiative decay, the reaction
rate forW, exchange in the process e" —E*E~ even at € & —VeVe May still act as a gateway to the_ prodl_Jctlon of
energies not corresponding @ formation in the direct Pairs of acoplanar photons, but their energies will not be
channel. Moreover, all the exotic fermions with the eXcep_monochromatlc even atzve threshold since they will then

tion of N, andn, can be produced via virtual photons and/or be produced via the chain
Z’s in the direct channel.
Define x=sirf9, s=E2,, and r=[s/(s— m3)x(1—x)]. ve— VW — 1eNoNo— veNeyNe. @
Then, far from theZ pole, where thez width can be ne-
glected, the contribution of a virtual photon addin the
direct channel to the cross section for production of a ferm- B. Electron-proton collisions
ion, with electric charg€; and axial and vectaf couplings
ga andgy, is

M, ajet, and missing transverse energy. This could be dud-
to Z,—E"E~, where the decays &~ lead to subsequent
e~ pairs, possibly through chains of ordinary weak charge
changing transitions. The muon and missing energy might b
the decay products of one su@erhaps virtualW, while the

jet might be thelmerged decay products of another.

IV. OTHER COLLIDERS

In electron-proton collisions, the subprocessd—E™h
is allowed byW, exchangd7]. The subprocess*d—E*h
_ involves a mismatch of S(2), quantum numbers and is for-
a(e+e—>ff)=ay( Q?-2rQgtg!l,+r(g%)%+(g%)?] bidden. Thus, at the DES¥p collider HERA, e p colli-
sions afford a better chance thefip collisions for discov-

fs B? - ering the new fermions proposed here. As in other
X (9v)" (9w 1 (5  experiments, one signature for new physics would be the
v observation of events with isolated photons and missing
where transverse energy.
Ao 4m2\ 2 3- g2 V. CONCLUSIONS
7Y 73s NeKv, ’B=(1_ S ) K= 2 We have investigated some features of the symmetry

(6) chain E;—SU(2), X SU(6) which illustrate the richness of

the group E for exhibiting new physics at present-day col-
and N; is the number of colors of fermions. For quarks liders. An “inert” SU(2) subgroup, involving on&, and
(N.=3) the cross section should be multiplied by an addi-two W, bosons, can manifest itself through direct production
tional correction factor of ¥ (as/m)~1.04. The values of of theZ,, production of exotic fermions, and decays of these
oloy far above pair production threshold, where fermions which can proceed through several chains before
oo=0(ete " —y*—u*u"), are compared in Table Il for ending up in a radiative cascade. The present scenario is thus
various fermion specie when the energy is far below the one which lends itself to interpretation of an event involving



3148 JONATHAN L. ROSNER 55

ane’e” yyE final state reported by the CDF Collaboration  (b) The exotic leptons look somewhat like chargirnos

at Fermilab. The favored interpretation is selectronsand neutralinos, which also can decay via chains
_ e involving missing energy and photons. The missing trans-
pp—Z+---—E"E"+---, (8)  verse energy in the evefaround 53 GeY, when compared

to the average transverse energy of the observed photons and
leptons(around 41 GeY, is more characteristic of a pair of
missing particles as in the supersymmetry scenario than of
the twongn, pairs implied by the present scheni@/e are

and its charge-conjguate f&" decay. Then, state is al- Using a statistical estimate whereby 53/41 is closek/20
lowed to be stable as long as its mass satisfies cosmologic#lan to V4)
bounds(typically less than a few tens of @VThe Z, is a (c) The use of27-plet multiplets of E both for matter
neutral gauge boson with mass greater than present limitéermions and Higgs particlegbosons is an invitation to
[22] of a few hundred GeV. Th&V, is probably virtual, as make the theory supersymmetric. On the other hand, we have
indicated by the asterisk in parentheses. The neutral nature 8Pt made the gauge sector supersymmetric; we have not nec-
all three bosons in S@), is a key feature permitting the essarily invoked selection rules suchRgarity which dis-
flavor of E~ to be passed on to the electron. tinguish superpartners from ordinary particles; and we have
Implications of the present Escheme include(1) the  not required the existence of thr@&-plets of Higgs bosons
expectation ofyy events with missing energy but no chargedas superpartners for our thr@g-plets of fermions. More-
lepton pairs, both in proton-antiproton collisions at over, if there are light scalars correspondinditandh, one
E.m=1.8 TeV and in electron-positron annihilations at suf-runs the risk of a too rapid proton ded&8]. Altogether, the
ficiently high energy,(2) the confirmation of other decay resemblance of the present model to supersymmetry may
modes of the “gateway” stat&,, and(3) the possibility of  turn out to be somewhat superficial.
W,-exchange processes in a number of reactions such as The pattern of quarks and leptons has been quite regular
electron-proton collisions, leading to pair production of ex-up to now, just as if the periodic table of the elements con-
otic states. sisted only of rows of equal length and were missing hydro-
The purpose of this exercise was in part to see if the CDRJen, helium, the transition metals, the lanthanides, and the
event could be viewed in a manner other than that involvingactinides. The new heavy states proposed here are the par-
supersymmetry[9] (see also[10]). This being said, the ticle analogues of the transition metals. The light ones could
present story has several features in common with the supepe the analogues of hydrogen and helium. Such new states
symmetric versions. One may, in fact, have to work ratheicould help us to make sense of the pattern of the masses of
hard to demonstrate whether the phenomena described abotfe more familiar ones.
are really an alternative to supersymmetry, or evidence for it.
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