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New quarks and new flavor-changing neutral currents give multiple lepton plus hadron final states in e*e”, vuN,
puN. We observe that (1) e*e” is a favored place to search for their effects through inclusive ratios a(ete”™ +x) o(utu”
+ x) . a(e*u® + x) and same sign leptons e*e* + x, u*ut + x, e*u* + x. Above a new flavor threshold four charged
lepton final states may become important. (ii) Trilepron final states in vy, N, N are not sensitive to the presence of

flavor-changing neutral currents. Much more sensitive are the processes 7N — efe™ + .

neutral currents) BN —e* + ...

We recently presented a new class of quark models
with V + A charged weak currents coupling light u, d
valence quarks to heavy quarks. This happens in a
way which leads to non diagonal V + A neutral cur-
rents [1] #'. A charm-changing neutral current is
one example [4]. These models (of SU, X U;
type [S]) are compatible with present inclusive v, N
and FﬂN scattering data at low energy, with Ve,
v,e” and U e~ scattering, and with preliminary infor-
mation on parity violation in atoms [1]. More recent-
ly, Glashow and Weinberg studied the weak neutral
current in SU, X U; models [6]. They concluded that
non-diagonal neutral currents are to be expected in
most models with more than the conventional [7] four
quarks (u, d, s, ¢).

There 1s very preliminary evidence for a new quark
beyond charm [8] (and perhaps a new lepton as
well [9]). In view of the above remarks, we think it
important to look for the signatures produced by new
quarks (or charm) coupling to non-diagonal (flavor
changing) neutral currents. Lepton plus hadron final
states in e"e™, ¥, N, ¥, N serve this purpose, as we will
show.

Our charged valence quark current has a conven-
tional left-handed piece, plus a new term involving

3l Subsequently a number of examples have been reported
[2,3].

and (for charm-changing

u, d quarks [1],

J¢ = (Wb)y cos a+(Tb)g sina

+ (Td)R cos 8+ (TQ)R sin 8 (1

(t,torb,bare charge 2/3 or —1/3 quarks, R denotes
a V + A current and a, § are mixing angles). The new
quarks mixed with u and d are denoted t and b.
Models of this sort are classified in ref. [1]. Of course,
one or both of the above terms in (1) may be absent
if the corresponding quarks do not exist or do not
couple to u, d. The same applies to eq. (2) below.

The orthogonal combinations T cos & — U sin & or/
and b cos § — d sin § do not occur in J¢'. Consequent-
ly, the neutral current has a flavor-changing piece [1]

J" =1 sin 2a(Tu + T )g +5sin 26(Bd +db)g. ()

If we identify t = c, a charm-changing neutral current
results. |AS| =1 neutral currents are excluded ad hoc,
using the GIM mechanism for physical quark states [7].

The form of J¢ and J"' has some interesting conse-
quences:

(1) The conventional neutral current [10] is nearly
V — A, but J' is V + A. Thus we expect that the
muonless scattering ratio o, (F#N)/ 0 (v, N) will rise
above t or b threshold;y = Ey/E; distributions in
v, N-7, +..will develop a new contribution con-
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stant in y. Note that J0' is not sensitive to the charge
of the new quark. It is important for our arguments
later that new flavor production is largest in v N
(II) t and/or b are produced copiously through
J® and decay entlrely or mostly via this neutral cur-
rent #2. It is the quarks t or b which can appear in
charged current V> Fu reactions. We estimate neutral
current decay rates as follows. In the spirit of the
parton model we take the decay rate of a hadron to
be that of its constituent quark, t > 22~ uorp -
2*2~d. We use two models for the neutral current cou-

pling of £~ (a) the Wemnberg-Salam model (WS) [5];

(b) a model with a pure vector lepton current (VLC)
[11]. Ignoring final states masses +°

5
e~ e u) - mL sin? 2a
I'(c~> Q+VQS) g 8 cosz(iC

Z72(1 +(1-4sin%6, )’ (WS)
X ) 3)
22741 - 25in%6,.)? (VLC)

Evidently, 0 S My+o- Sm, and we expect no energy
lost in neutrinos; as compénsation 1 —vvu can occur.
These decays always have |A flavor| = 1, AS = 0.
Decays involving 8+~ would offer unambiguous
evidence for flavor-changing neutral currents. The
most dramatic evidence would come from a narrow
state decaying to a massive £*2~ pair plus hadrons

of zero total strangeness. We also expect nonleptonic
neutral current decays with AS = 0.

(I11) Even for a very small O(Gy) effective neutral
current coupling proportional to sin 2« or sin 28, the
neutral mesons tU = M and Tu = MO (or N° = bd,
N° =D d) are fully mixed [12]. Then M® or MO ( (N°,
N°) decay equally to 2*v, +hadrons and £ v, +
hadrons [13]. However, we expect these charged cur-
rent decays to be suppressed unless t = c. We note
that complete mixing does not necessarily imply the

#2 Charged current decays can occur via, e.g., - betyg if
myp, < m; or via small mixings with d or u which we ignore
here. We assume t # c; it will turn out that some of these
conclusions must be modified if 1 =c (because of the
charged current coupling (€6)), or if a coupling (X is
present. Wrong leptons other than the above must arise
from production off sea quarks.

$3 7= M"’zo cos’BW/M%v; the lepton brackets in (3) are ~0.5
for the WS model and ~0.3-0.4 for the VLC model, from
ref. [1].
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existence of O(G) flavor-changing neutral cur-
rents [12].

Now we take up multilepton signatures in e*e~
and y, N, v, N. First we consider the general case and
then specialize to |AC| = 1 neutral currents.

e*e~ annihilation. We concentrate on final states
with two charged leptons from production and semi-
leptomc decay of a new quark t . The quark processes
aree‘e” >t +1t followed by: (i) the charged current
decays t > Q*vQ , L > 27V, + ... Fort #c these
are suppressed (see remark I); (i) the neutral current
decay t (or t)— anything. We form the ratios +*

o(e’e™ +x) 1o u” +x)10(e*y’ +x)
=l+4+a:1+a:2.

C))

Since 6(2*2~ + x) requires only one semileptonic
decay, it may be large. Correspondingly, we expect
this to be small. Events with t - vv +u will have sub-
stantial missing energy, ~2/3 of m - Of course, these
remarks also apply to ete— —» b +7b. The stepin R

= OyAD/0,*, - is, however, smaller than for e*e~
>t +t. This tells us whether t or b appears in (2).

We also expect three and four charged leptons
2H0—e* + x or £¥0u* +x from neutral + charged cur-
rent decays and 2Y8~2'*2'~ + x from neutral current
decays, where £, £ = e or u. Note the importance here
of distinguishing e and u.

We estimate that 4 charged lepton final states could
even occur at the percent level above anew t orb
flavor threshold beyond charm. Such events would be
important evidence for t or b quarks and their new
currents.

It may not be easy to tell leptons from new flavor
decays from those arising from charm decays. Note,
however, that a sequential heavy lepton cannot give
states with ¥~ + hadrons. It will also turn out that
the 4 charged lepton rate from charm is negligibly
small.

In the charm case (t = c), we have to modify some
of the above remarks. We use (3), and assume a $20%
branching ratio D > e*», + ... to find I'(c ~
ete~u)/T(c>ety, +..)S 5%and

[(charm >e*e™ +...)
['(charm — all)

< 1%, )

+* We use e—u universality. We assume that x contains
hadrons; it may also contain neutrinos.
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averaged over charmed particles.

This upper limit is for maximal |AC| = 1 neutral
current strength. It can of course vary for different
mesons DY, DOF*,

Despite (5), it is not senseless to search for decays
D —e*e~ + charged pions. Seen nonleptonic decays
ike D° - K~ n* probably do not have branching
ratios much larger than (5) [14] #°.

Applying this argument, we find two charged
lepton + hadron final states (4) with ¢ < 1. We encour-
age attempts to measure these ratios. We also find that
inete”

oe’e e +x) _ T(c—e'e” +..)

o(ete™ +x) (D(c ~>se*p,) S 10%.

The rates for 4 charged leptons are easily seen to be
negligible.

Mixing of D® — D° (DO = c@1) is very sensitive to
[AC| = 1 neutral currents even when ¢ in eq. (4) is too
small to serve as a diagnostic [13]. We believe that
e*e is the favored place to search for D°—D° mixing
effects.

It is possible in principle to find the semileptonic
branching ratios of D° and D*, and the amount of
D°—D° mixing in e*e~ interactions #®. To do this we
need (i) the charm production cross section; (ii) pro-
duction ratios 6(D°D° + .. ): o(D*D~ +.. )
:0(D*DP + ... ) + (D DO + ... ); (iii) cross sections
a(e* +x), o(ete™ +x), a(ete’ + x). One can check
that the semileptonic branching ratios follow from
o(et +.)and o(ete~ + ..)+ 20(ete +..), while
o(e*te™ + x) then gives the relative rates for D°
~>e*y, +..and D° (- D°) > e~ 7, +... (i) can be in-
ferred from the increase in R above charm threshold,
(i1) hopefully by analysis of the final state [14] and
use of isospin relations o(D°D°) = ¢(D*D™),
0(D°D*0) = g(D*D* ™) following from charm produc-
tion via e¥e™ — cT. As a special case we note that if
mixing is complete and final states in ete— annihila-
tion containing D*D™ are absent then we predict
ole*et +.)=og(ete~ +..).

45 Nonleptonic neutral current decays might show up as vio-
lations of charm ratios like T(D® - #*r7)/T(D° —» K #%)
= tan?6,.

#6 Above threshold for Do, D* production and below thresh-
old for F*, and assuming CP invariance.
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Neutrino interactions 7 . Neutral current produc-
tion of a new flavor, followed by decay via J leads to
prompt dilepton final states. The quark level processes
are v, /v,q > 7, /v,Qand Q > 2"¢"q. Note the dis-
tinctive signature v [P N—>e*te™ +...

We expect that trilepton final states ia v, fv,,q
- utfu— + Q, followed by Q > 2*9~q, are insensitive
to flavor-changing neutral currents. This is because (1)
contains no term permitting production of Q off
valence quarks (or s-quarks in the qq ‘“‘sea”).

“Wrong” leptons [6] in the final state (e*, u~ from
av, beam or e*, u* froma v, beam) arise via v, /v,
+q=>Q+v,/v,, Q> &* + ... These are also suppressed
so long as t # c. Then we do not expect wrong lepton
final states at an appreciable level. Remember that
neutral current production is favored in v, beams. We
find a pattern of favored and disfavored signatures
(1ignoring the qq sea in the nucleon)

v N->7 e* +.. (favored)
» r
v N>p e +.. (disfavored)
u "
v, Vu[.l+ (disfavored)
(t produced)

FMN - F#e“ +.. (favored)
FMN —>F“u" + ... (favored)

v N->v e™ + . (disfavored).
A u

(b produced)

From the distribution of “slow” muons in dimuon
events [15] we expect the above wrong leptons to
carry off $10% (5%) of the incident v,(v,) energy on
the average. This only applies well above t , b thresh-
old.

Some of these statements have to be modified if
charm-changing neutral currents exist. This is because
of the large charged current coupling (¢s); .

(i) Dileptons. These can amount to at most 10~2 of
0(»,N), because of (5). For v, N charm production via

+7 Some of this has been noted independently by V. Barger
and D. Nanopoulos [3].
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J"' is smaller and we estimate a dilepton fraction
$1073.

(ii) Trileptons. Again, trileptons in ¥, N or » N are
a very insensitive test for |AC| = 1 neutral currents,
From an estimate of 5—10% charm production by the
charged current, combined with (5), we estimate a tri-
lepton fraction S 10~3. We again emphasize that these
upper bounds assume maximal |AC| = 1 neutral cur-
rents in our models.

(ii1) Wrong leptons. This is a favorable signature for
|AC| = 1 neutral currents. We estimate that for sin 2
=1,p,N~> e’ + ... could reach several percent of
0(v,N). The corresponding estimate for »,N - et + .
or u* is several times 10—3. There exists a limit at the
10-3 level for o(v, = u)lo(v, = u~) [16]. This does
not appear to us to be incompatible with our expecta-
tions, even for moderately large sin 2c 2.

We look forward to experimental limits on the mul-
tilepton signatures we have been describing. These may
be expected soon for charm-changing neutral currents.
For the case of new flavors, our considerations may
be of modest interest to those designing experiments,
particularly e*e~ annihilation experiments for PETRA
or PEP. Good simultaneous electron and muon identi-
fication seems essential.

We thank M. Krammer, A. Mann and B. Wiik for
comments, and T.C. Yang and B.-L. Young for reading
the manuscript.

#% In ref. [1] we argued that present neutrino cross section
data already made it unlikely that |AC| = 1 neutral currents
are maximal.
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