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ABSTRACT

The process pp > NN, + ..., where N, and N, are
neutral leptons, N, - (neutrals), N, > (jet%, is
examined as a possible source of events at
/s = 540 GeV in which single jets are observed
opposite missing energy. Some of these events
have been interpreted as decays Z° » NN, where N
is a weak isodoublet. We analyze aspects of this
suggestion. The highest—transverse—momentum event
would require another source. One possibility is
a new neutral gauge boson of mass >115 GeV/c2,
decaying to pairs of massive right—handed
neutrinos.
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Unusual events observed in Ep collisions at ¥'s = 540 GeV include several

L

of the form

Bp — jet + (missing transverse energy ), -

Recently it has been suggestedz) that some of these events come from

production of palrs of neutral massive leptons,

\SF —= N, + N + ...

s Jet
L all neutvrals . &

1f Ny (Eﬁz) is a heavy weak isodoublet neutrino, three cr four of these events
can have come from Z° decay. Here we analyze some aspects of this suggestiom.
We also point out that while ome other event {(that of highest jet and missing
energy) is unlikely to come from Z°, it might have originated in the decay of
a heavier gauge boson (» 115 GeV/c2) to pairs of massive "right—handed"
neutrinog. We shall give the arguments for these interpretations, and suggest

further experimental signatures.

We summarize in Table I some properties of the six single-jet events
nentioned in Ref. 1). The transverse mass of five of them is consistent with a

2° origin. The sixth (A) is about 2% above a Z° mass.

If a weak Isodoublet wmassive neutrino Yu exists, the branching ratio
B(Z® + VH;H) 1s expected to be about 62*). The Yy will decay, in turn, via
mixing with lighter neutrinos. For the mechanism we discuss, this mixing must
permit neutral-current as well as charged-curvent decays. An example of this

mixing would be

L, * v o+ Z Uni Y , 3)
e, u,T

in which v& belongs to a doublet of weak SU(2) interacting right—handediy with
charged W's [in a multiplet (E7,vj), mg- 2 B o) and with the standard z°.
H

This type of state is sometimes known as a "mirror Eermion"s)_s)

+ The GIM
mechanism for left-handed currents then 1s frustrated, and v; will be able to
decay both via charged and via neutral left-handed currents. From the

standpoint of such currents, v§ may be. considered “inert”.

*) This assumes that there are no other members of the v generation lighter
than my/2. 1f such members exist, B(z"»vpvy) is slightly smaller.

The phenomenology of a heavy neutral lepton mixing with the light
neutrinos and an "Lnert” state uﬁ has been discussed in some detall in
Ref. 6). For Vu in the wass range of 2 to 20 GeV/c? the typical decays of such

a neutrine mixing primarily with Yo or v are

B(Y, — LY v) =~ o2 “
B (.\)H — w235 > = .1 (5)
B(v, — 4L « 'ha_d\r‘ong} = 0.5 (6
By, — v + hadromws) = o 2 7

if vy mixes primarily with v and is quite light, the neutral-current modes

(5) and (7) can be considerably more important.

The combined branching ratio for Z° decays in the process (2) is then

expeckted te be

B(fo —>  Jet -+ \_o_ll m-&u‘\'ra.lb] )

= (6Z)ad(e 1) eosvor ve.2d = [T, (g

This is to be compared with B(Z°+e+e—) = 3% expected in the standard

SU(2)xU0(l) picture.

The observed cross—sections for Ep + 2° + ete™ are 71£24:13 pb]) on the

8) )

basis of four events and L10+40+20 plr on the basis of eight events™ . Let us

4

imagine that the true e"e” cross—section lies somewhat above 70 pb. Then for

an exposure of det » LOC nb™! obtained in each experiment, one would expect

at least two aveants of the form (2) in each experiment if detection

+

efficiencies were similar to those for ee™. It is quite concelvable that all

would have been observed in one experimentl) and not in the otherlo). [In
Ref. 2}, a wider range of possibilities is considered for B(vH + all
neutrals) .]

)

& key test of the heavy-lepton idea is the presence of at least one
charged lepton in the majority of the jets due to the lepton v , as one sees

from Eqs. (4) and (6). Event "A" indeed has an energetic wuor. The invariant



mass of the muon and the rest of the jet is quoted as about 5 GeV/c?. Event
"B" has only three charged tracks of effective mass 0.8 GeV/c?, Bvent "D"

could contain one or two electrons. The jet effective mass is 3.1 GeV/c2.

The observed charged particle multipiicities of the jets in the single
jet events is low, n, = 1-4. This muitiplicity is much lower than that of

typical quark and gluon jets at such high energies, Ej > 40 GeV. The decay

et
of a neutral lepton with a mass of a couple of GeV is expected to lead to such

low wultiplicities. For instance, fot P&H =m we estimate <n > = l.8 using

Eqs. (4)=(7) and the measured 1t decay wmultiplicities.

Froduction of a palr of neutral massive leptons is one possible
- 11
explanation of a recent event observed in ete™ interactiens ). However, the
nost likely mass for these leptons is around 20 GeV/c?, which appears rather

high in cowmparison with the values quoted above.

The event "A" appears unlikely to be due to Z decay, since the total
transverse mass is somewhat too high. We have examined the possibility that it
is due te the decay of a new gauge boson Zx with a large coupling to pairs of
right-handed nedtrines. This boson arises when one gauges I3R a?g)Bzg)
separately, rather than just in the combination Y = ZIBR + B-L ' .

Normally cne writes Q = I3L + Y/2 and gauges just 13 and Y, obtaining the

i
physical photon and Z° as mixtures of bosons coupling to these two charges. A
more symmetric form is () = IBL + 13R + (B-L)/2. If one gauges IBL’ I3R’ and
B=i, separately, a right-handed neutrine N corresponding to each left=handed

neutrino y suffices to banish anomalies in all currents, and there is a unique

combination of I3L’ IJR' and B-L orthogonal to that in y and 2°, to which a
new boson I couples., In the absence of mixing between ZX and y or Z°,
13)=15)

this charge is

Q

i
= Fo[srsz v 3(La ~Q) ). (9)

3L
quarks and leptons (with the right-handed neutrino included). The values of Qx

The charge QX is normalized so that ZQi =r1Z = EI%R = 2 for a generation of

for members of a generation are shown in Table IL. The right-handed neutrinc N

has the largest QX charge of any generation member.

The phenomenology of "extra-Z” bosons such as ZX has been studied in

12)-22)

detail elsewhere . Typically the mass of such bosons has to be taken

above 200 GeV/c? {n order not to disturb low=-energy. neutral current

interactions too much. However, this conclusion depends on the Higgs bosons
chosen to break SU(Z)xU{1)xU{l) to U(l)e-m. and on the over-ail strength of
the U(l)x coupling, which is taken from grand unification. If this coupling is
taken weaker, the Z mass can be lower. An extreme exaumple has been studied in
Ref. 22), where even a Z between 50 and 70 GeV/c? is shown to be possibie [as
a source of the event of Ref. Li)].

2)

As one example, we have considered a model2 in which Higgs mesons aré
chosen so that the 2° and ZX do not wix with one another. Such a choice is
indeed possible, and ensures that the 2° mass will not be pushed by mixing
from its predicted value in the standard picture. We choose g small enough
not te disturb low q? neutral current phenomenolegy. We then find

alpp > z, NN} < O(l-6 pb) for M, = 130-170 Gev/c?, Vs = 540 Gev™?, Allowing
for one N to decay to neutrais and the other to decay to a jet, one finds it
hard to obtain a cross-section much above 1 pb for the combined process (2).
This would correspond to about a 10Z probability for observing the event "A"

in the experiment of Ref. 1).

Another possibility for a relatively light Zx has been raised by the
analysis of Ref. 16). There exists a choice of Higgs bosonslaJ’ls) for which

the major coastraint on ¥ comes from parity viclation in atoaic physics. It

is thean possible to satisi§ all low—energy neutral-current constraints, within
the context of a grand unified theory, with a mass of 2.X 25 low as 170 Gev/cZ.
However, this would entail a 5% downward shift of the observed Z mass from its
predicted value in the standard picture, Mya = 93.8f§:: GeV/czza). 1t would
also entail a forward-backward asymmetry in ete™ » u+p' about 20-25% lavger

than in the standard model.

If N is a Majorana neutrine, it can decay to either sign of muon. There
are dimuon + jet(s) events with high total effective mass (but mup < 22

7}’25), one involving pp~ and

GeV/c?) seen in pp collisicns at Vs = 540 GeV
another involving p™p~. If these are not due to some more “"comnventional”
source {such as W » tb), they could alse be due to the process just suggested

for eveat "A",

*) The cross—section calculations are described in more detail in Ref. 22. We
use structure functions of Ref. 23}, whose authors we thaak for providiag
them in numerical form prior to publication. These lead to the lower cross—
section estimates, The higher estigates come from assuming “v(x) = 2.19x7
{1-x)}* (valence u); dy(x) = 1.23x~ (1-x)* (valence d); E(x) = 0.24x"1
(l—x}7 (sea}.



There are elght other pp events with & < [upu < 22 GeV/c? seen by UAl. 1f
any of these is to have come from 7° + NN decay, some energy has to have been
carried off by neutrinos in the decay of M. Examples of such decays could
involve W + ppv, N+ v + jet(s). However, it is quite possible that some or

all of these eight events could be due to semileptonle b decay526).

The event "A" of Ref. 1} in fact bears some resemblance to an eveut
consisting of W(» ey} *+ jet seen in the UAZ detector [event "B" of Ref. 27)].
In a separate notezs) we have discussed the possibility that one of the UA2
events ("C", consisting of W + 2 jets) Involves production of a pair of heavy
quarks, each of which decays to a real W. Such an explanation does not seem
plausible for events "B" of Ref. 27) or "A" of Ref. 1}. The attempt to explain
event "B® of Ref. 27) in terms of a pair of neutral leptons would require a
large neutral lepton mass, since M(e + jet) in that event is about 32 GeV/cZ.
one would then fail to explain most of the monojet events of Table T in terms
of a similar mechanism, unless more than one such lepton were beiag seen. [In
fact, proposals do exist for just such a "zoo" of leptomns in the 2-35 GeV mass

ranges)].

Events also have been observed in which a single photon recoils agalnst
missing transverse momentuml). One of these events ("G") may well be W » ey in
which the electron track has been missed. The other ("H") could in principle
be due to a decay of the form (7), in which all hadrons are neutral. This
would only be plausible for very small v, masses. In Ref. 2), such events have
beea ascribed to radiative decays of Vi which can be important with proper
cholces of mass and mixing parameters. The present discussion, ian countrast to
that of Ref. 2) seems to have no natural place for 2° - ete™y or 2° + ptuTy

events, which have also been reportedS}’g)-

Wwhat are further tests of the present mechanism?

1) The cross—section for productien of any weak isodoublet neutrino via the

1)

%% pole in eTe” annihilations is

(GpMz)* s

g (ete” P Y b AL
(¢ E—:\-vHU) G (M;_$>z

p(34pt) (1-4x + 8* )) 10)

where B = (1—4m€ /3)}é is the velocity of vy in the ete™ centre-of-mass
H

system, and x = sinzaw. For small m  , x = 0,22, and s << M%, we find
H

s = 0.3 pb (¥s/30 Gev)?. The final states (4)-(7) uake for a variety of
detection possibilities: monojets, unusual leptons, unexpected combina-
tions of leptons and hadrons, etc. The neutral-current decays in
parcicular would distinguish leptons which might be responsible for the
single-jet events of Ref, 1) from more conventional fourth-generation

29)

neutrinos without such neutral-current decays .

2) The decays 2° » (2 jets) are expected Lo be the major signature of

FASES Yy These jets may be distinct from those of Z° » qa or from {QCD
background as a result of thelr large expected lepton content. Eveats
with Z° » pp + »esy 2% > 3p + ..., or with both muons and electrons in

the final state of Z° decays, are all possible.

3) The mixing awplitudes in Eq. (3) are unknown, but untikely to exceed 0.1
in magnicudeﬁ). The possiblity of extremely weak mixing may petrmit Yy
lifetimes to be long enough to be detected. Elsewhereé) we have

estimated:

My, -5.2 'US"'

-1z
Ty, = (452 xi0 (*7';772‘

(11)

for vy mixing wainly with v, or Vs and MvHQ 50 GeV/c?. It wmay pay te
examine the point of origin of the single-jet events, or the coincidence
of the poluts of origin of two jets in Z° » (2 jet) candidates, to see if
a finite lifetime can be detected. Even longer vy lifetimes than those

2}

predicted by Eq. (l1} have been suggested in more general models .
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Table I - Properties of single-jet events in 59

collisions at Y5 = 540 GeV

L

Event | Ep{jet) | ARy | g (Jet,AEy)
%Gev) (GeV) %Gevfc2)

A 7 ®) g6xg b) 130+16 )
B 48 59+7 106+£12

C 52 4618 97+17

D 43 426 85t12

E 46 41+7 87+14

F ) 39 3457 73514
a) missing transverse energy;
b) high-momepntum muon included in jet:

B = 46757 Gev/c.

¢) this event is consistent with W > tv.

Table II - Relative amplitudes for coupling of a gauge boson

EX to left-handed fermions. (Reverse signs feor

right-handed antifermions}.

/10 QX Left-handed fermions
3 d, e7, v,
-1 d, u, u, et
-5 Ne

L)
2)
3

43

5
6)

7

8)

9}

10)

11)

12)

13)

14}

15)
16)
17)

18)
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