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sumpary

Several alternative scenarios for new W's and
their associated neutrines are explored With emphasis
on the discovery of these particles at ep and pp
colliders.

New massive gauge particles, beyond the Y, W and
Z of the Glashow-Weinberg-Salam (GWS) -model, are
required in extended models of the electroweak
interactions. Often they are accompanied by new,
possibly heavy, neutral leptons. A particularly
artractive class of models {s those with asymptotic
left-right symmetry, e.g. SU(2) «x SU(2)R x U(I;, in
which three new gauge par:ic&es appedar -—— W and
Z' -- as wWell as new neutral leptons N_, N , N whnich
couple primarily to the W_ as opposded to the &ws wi.!
Wnile there are no iron-clad limits, the simpler nd
more elegant L/R symmetric models have approximately
equal couplings g and g, for W, + e v, and W, » e N_,
respectively. If this case Zonsideration of the &
centribution to m(K ) - m{K,) leads to the boun
m{w_) 2 1.6 Tev.? More elaborate c¢alculations or
models can tolerate m(wR) as low as 0.8 TeV.?

There are a variety of possibilities for the N'a
accompanying a new NR. These include:"*

a) The N_ is the rignt-handed Dirac partner of v_, or
it i3 another light neutrino which does no% mix

with v _.
e
b) The N_ mixes with Vg via a simple mass matrix of
the form
0 me)
m(a) m(Ne)
with a(N _) >> m(e) assumed. Then

m(h_) = m3(e)/B(v ) > 5 Gev, since m(vwy) < 50 eV.
Cor?espondingly, €here is an N_ e W coupling, but
it is weaker than the v_e W ceupling by the
mixing matrix element U'= m(ve)/m(e) < 107", The
Ne is a Majorana particle.

c) Thne N mixes with v  in another manner which does
not d&onatrain U td such small values. (The only
model-independent bound 1is U < 0.2.) In such
mcdels Vo can be maasless and Ne can be a Dirac
particle,

L/R symmetric models tend to be of class b). In
this note we wWill not conslder very massive N,
m{N) > m{W )}, m(W_ ). Both production rates and decay
modes wou&d pe considerably altered from those given
here in that case.

Obviously the possibllities a)-c} lead to large
uncertainties in the phenomenclogy of W and N
production and decay. In case a) N may be stable and
can only be produced in processes lavolving the Wi, In
cases b} and ¢) N will decay. If W exchange (as
opposed to mixing) dominates N decay, the lifatime
(assuming m(N) < m(t)) is

= |-

5 7 m{W,) Iy
-10 {5 GeV R
L' 2.5 x 10 (m(N) ) (1.6 Tev) sac. (1)

Thus, for m{W_) = 1.6 TeV and £, of order.1 TeV, the N
travels 15 m before decay {(thus escaping f{rom any
detector) if m(N) = 5 CeV. However, it only travels
25 cm before decay if m(N) = 10 GeV. Note that the
amplitudes for decay via mixing (i.e., via the N_ e W
coupling) and via W exchange, A . (decay? ang
; : mix
Aw (decay), are in the ratio
R
Amix(decay) mz(wR)

{decay)
AWR

U . (2)
mz{WL)

Hence, in case b) W_ exchange may very well be the
dominant decay mechanisﬁ!, given the bounds thai we

have quoted. However, 1in case ¢), where U could be
10"? - 10", mixing may dominate. Then*
-15 {5 GeV¥ys.2 1
=1 x10 (m(N) ) lUI2 sec , (3)

a possibly shorter lifetime than in the HR—dominated
case.

The decay modes for a Majorana N depend wupon
whether the mixing or W, mechanism dominates. For
heavy encugh N_ (but m{N_ } < m(t), m{N )}, m{N )} we

s e u t
have roughly:

Branching
Ratic
W e + 2 jets .50
N — .
e + 2 jets .50
or
T +2 Jjets L2
+
e + 2 jets 24
() 4 2 jets 19
N Mixin e ‘
(=3 + -
vy * Lo+ L =2, .1
(;) e JF and (;1 + e +'{; 6
;) vou,s o= e, 06
e 7L’ el )

It follows from CP invariance that the Majorana N will
decay as cften to an e as to an e . This fact,
reflected in the above table, gives the decays of this
particle a very distinctive signature. Note also that
the dominant decay channels are fully reconstructable.

We now turn to experimental possibilities for
discovering such a Wp and/or N. We consider both ep



and pp collisions. In ep collisicns the W is not
directly produced but, rather, appears aa a virtually
exchanged particle in the charged current reaction
ep » N_ X. The N_ may or may not decay (detectably) in
the de%ector. In pp collisicens the W, can be produced
approximately on snhell or probed virgu?;%y, ot‘f+ its
pole. Both contributions yield an e Ne (or & N)
final state where again the Ne may or may nct decay.

In estimating c¢ross sections we will assume
g = . In discussing detectability we will assume a
s%andagd operating year with an intergrated luminosity
of 10°%cm?. We consider two beam energies, 30 GeV and
140 GeV, for the electron beam,® and employ 20 TeV for
the proton beam(s}) {i.e. 3 = 40 TeV for the pp
collider). We assume that the 30 GeV &€ beam can be
80% polarized, but that the 140 GeV beam i3 not
polarizable. Absclute discovery limits for W, may be
inferred from Figs. la and 1p in the ep and pp cases,’
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FIG. la. Cross sectlons for charged current reactions

due to W_ exchange as a function of m(W,) for e -beam
energies of 140 GeV ana 30 GCeV. No Q2% Cut is imposed.
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FIG. 1y. Tne integrated crass section for

pp * W o + ¥ + g WNM o+ X(m{N) light compared to
50 Gev5 Foﬁ e and N rapigities in the interval
-3 <y < 3and for Pr of the e > 50 GeV.

On the basis of =20 events per year a 30 GeV ep

machine can reach m(W_,) = 2.8 TeV, a 140 GeV ep
machine m(W,) = 4.2 Teﬁ. and a pp machine
m(wR) = 8§ TeV. HWhether {hese discovery limits, based
cn rawWw event rates, are realistic depends upon
additicnal details as discussed below.

Conaider first the N scenario a) or any other for
which N does not decay in the apparatus. In ep
collisions the only signal for the presence of W is
then an enhancement of the charged current ¢ross
section over that expected on the basis of W exchange
alone. The latter cross section is, or colrse, much

larger. However, the W_ and W exchange amplitudes
: b L
are in the ratio

T LN P

R L
i S (4)

.

wL Q +m (AR)

so a Q* cut, {? > @i = m‘(wRJ, will make the W

signal detectable. (H0A8 Q2 1% measured via thd
current jet. Note that a Q% cut also nelps to
eliminate accidental backgrounds from Y-and Z-exchange
neutral current events.) Given systematic
uncertainties due t¢ theoretical and experimental
sources (especially quark distribution functions) we
estimate that a =253 effect 13 necessary Lo achieve a
reliable W signal. Fig. 2 (plotted for
m{W,) = 1.6 TeV) indicates that Q%, = m?(W_ ) achieves

this requirement at E = 140 Ggﬁnuitn a ratioc
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FIG. 2. Cross sectliona for charged current reactions

due to new W, exchange compared to old W (83 GeV)
exchange for m(W,) = 1.6 TeV as a funétion of
Q* /m*(W_ ) at e-geam energies of 140 GeV and 30 GeV.

ATian vabues > Q;in are integrated over.

Since such statistics are already very marginal,
higher w(W.) values are not achievable. Figure 2
shows that for Eb = 30 GeV such a restrictive Q2
cut 13 not possible. a%, order to have a measurable
ray event rate for the W, signal Q3 = 0.1 m‘(wR) is
appropriate. However, the W background now exceeds
the W signal by nearly a factor of 100. The only
nope ?n this case 1s to employ electron  beam
polarization. With 80% right-handed polarizaticn, and
at the same Qain and m(Wy) values,
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i,e., one achieves a 30 effect. Thus m(W.} = 1.6 TeV
is at the limit of detectability with elther electron
beam, A simllar analysis for m(W,) = 1 TeV indicates
that such a W, is detectable witholt difficulty. Iin
pp collisicns the discovery of W_ (decaying to an
unobservable N plus charged lepton) relies on the same
tecnnique as employed at the CERN 5pps in discovering
the W (83 GeV). Backgrounds are expected to be small
and systematics of quark distributiocn functicns, ete.,
are not significant. Figure 3 illustrates the single
lepton spectrum do/dydp, as a function of P at y = ¢
for an & TeV and a 10 TeV W, in compdrigen to
bgckgrgunds from o©ld physlcs (Breli-Yan ¥ + ¢ e and

wL + e ve).
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FIG, 3. The single lepton spectrum for pp =+ W or R X
+e X for m(W) = 8 and 10 TeV compared to backgrcunds
fgom Drell-Yag pp *YX + e X and* pp -+
WL (83 GeV) X + e X. The rapidity of the e is zero
afid the balancing v_ is constrained to be "miasing" in

the rapidity intervil -3 < yﬁb)<3.

We nave imposed an apparatus cut (|yi§j) on the
opposing lepton s¢ that the D-Y background can be
eliminated,. The W Jacobian peak is clearly
observable but the Integrated event rate under the
peak but above the background is only two events per
year in the 10 TeV case. Thus m(W_) = 10 TeV¥ i3
marginal at a pp c¢ollider in the same sense that
m(W,.} = 1.6 TeV is marginal at the ep machines.
However, since these few events will be clean, the
nominal B TeV discovery 1limit quoted  earllier,. for
which there are 11 events under the peak, can perhaps
be extended to near 10 TeV.

' In cases where the N decays (either by mixing or
W_ mediaticn) in the detector, a much more distinctive
s?gnature will be apparent in the ep experiments.
Normal charged current events will no longer be a
hackground., For a Majorana N Ehere will be frequent
processes of the type e p + e X, where the wrong sign
lepton e will be accompanied by hadronic Jjets,
Furthermore, the Q% computed from the e and e
momenta will dlsagree significantly with the true Q2
carried by the exchanged W_. The true Q% may be
caloulated using the momentum of the "current" jet
from the hadron vertex, which on average will be In a
different kinematical+region from the hadronie jets
associated with the e .* Adding the latter jets to the

et (i.e., reconstructing the N momeatum) should

produce consistency between the two different Q*
calculations. Majorana or not, N decays will always
lead to e p + e X events exhibiting the same Q°F
pecullarities. In the Major@na case, these events
occcur at the same rate as the e events. Backgrounds
to these signatures can come from two sources:

a) Radiative correcticns to normal neutral current
eyenta, ~ One requires _more powers of w for
e p +e X than for e p + & X so that these rates
should differ considerably. The magnitude <f such
backgrounds has not been computed but we will
assume it to be small.

b) Mixing production. Here we imagine a wmoderate
value for U, in which case e p * N_ X can occur
via Ne - v mixing and W exchange. f discovery
of a new W is the "goal, this process is a
background. %he relative amplitudes are

]
A . (e +N) & e
mix QZ*mZ(NL}
and (7)
1
{e »N) = ——— .
AWH 02+m2(wR)

A Q% cut will help to reduce the background frem & . .
Probably G2 > 0.1 m*(W_.) will eliminate it for “any
reaschable value of U, For the 30 GeV e beam and
m{W_) = 2 TeV, such a c¢cut leaves =10 evenis in a
standard year. If U is negligible the cut i{s not
required and the event rates computed from Fig. la are
appropriate (= 80 evts at m(W_) = 2 TeV and ~ 30 at
m(W_) = 2,5 TeV at E = 30)., For the 140 GeV e

beam energy we c¢an obviously reach higher m(wR)
values, up to m(wR) = 4 TeV if no Q* cut is required.

In pp colllsions the decay of the N is not
obviously beneficial or harmful to the signature for
W, producticn. It is still difficult to imagine
bgckgrounds that could produce a single highly
energetic electron in one hemisphere of a detector and
a balancing reconstructable e or e + 2 jet signal in
the other hemisphere. The Jacobian peak will still be
present and clean. In particular the Jacoblian peak
region ul ave only a very small baekground
fron WOIPRRelI 0o 0 T e ¥y ecay- Se€¢ Fig. 3 10
see how small even the normal e'veecggckground {s in
the Jacobian peak region. This the 8 TeV nominal
limit may agaln be tooc conservative and a few clean
events could reveal W production up Lo
m(W_)} £ 10+TeV. Note that at m?w )} = U4 Tev, the upper
limlt for ep machines under discussion, we have

# events (ep at 140 GeV + 20 TeV) _ 1

# events (pp at vs = 40 TeV) 20 ° (8)

Once a new W is discovered, can. one determine
whether 1t i3 a W, or a. new W'? (There 1is no
compelling reason to suppose ‘that ~a W' ‘would De
associated with a new N, or, if it is, that this N
would be heavy. Thus, W' phenomenclogy will most
likely correspond to thé nen~decaying N discussion
glven earlier.) For W's accessible 'in 30 GeV x 20 TeV
ep c¢ollisions, the opticn of polarizing the e beam
makes it easy to distinguish a W' from a W,. Using the
wrong polarization simply remcves the signal. In the
absence of peam polarization, W , differentiation is
impossible in ep collisions unless the N decays in the
detector., If it does decay, this differentiation is
still next-~to-impossible 1if the new W dominates both
the production and decay of the N. Changing this W
from a W, to a W' reverses the hellcity of both the N
and its ﬁaughter e f{or e ). Hence, the correlation
between these two helicities, which influences the

- J? -



angular distribution of the daughter e~ in the N rest
frame, dces not change. Indeed, one can show that the
8 angular distributions are identical 1in the two

cases. Observing additional N decay fragments would
not help, except for exotic final states. However,
suppose one Llmposes a Q* cut sc that W . e€xchange,

and not old W exchange with N—-v_ mixing, dominates N
production, bu% U is large enough so that the latter
mechanism dominates the decay. Thgn the angular
distribution of the daughter e (or € ) will reveal
the handedness of the W_, ,. The presence of
mixing-induced decays can be established through the
cbservation of decay modes such as v + 2 hadron Jets

whicn do not result from NR—mediated decays (sece
table).

In pp collisions the handedness of the produced
WR/L‘ can be determined using W + 1 decay modes. This

prodedure is discussed in a separate contributicn to
these Proceedings. It requires nigh statistics and
restricts the range of m(HR/L,} for wnich  the
technique can be employed.

Finally, if m{(W,) is very large we may still be
able to see the N, either in ep or pp collisions, {f
there {3 N - Ve mixing. The Majorana N decay
signatures are sufficiently distinctive that perhaps
U's as small as 1072 (relative production rates
compared to v of order 107%) could be detectable in a
high statistics experiment.
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