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Abstract
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1. Leptonic Weak Interactions

The present leptonic SU2 X U1 weak interaction theory was formulated in
1867 (1), ten vears after the familiar V-A theory (2). A decade later
sti11, the Tow energy limit of this theory is now the successor to the V-4
theory (3}. A brief explanation of why this is sc {and why I will not
discuss models) is in order. Most of us believe that charged current inter-
actions are mediated by exchange of a massive charged vector boson (1)’(2).

In the low energy 1imit the V-4 theory with e P universality results. {{1)
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M-decay in this theory; other processes are described simitarly.} Neutrinos
interact in a chirally pure way; they are left-handad (2). Only left-handed
electrons enter, too. Now we also know the low energy behavior of neutral

current processes (3).(4),05), ((2) shows %e - Ve )



(2)
Vu l Vi
Ok <« MG
5 ™
&'\7 1+ Y .é(’id%v*-‘ USA)E
2 ¥V (1 Xs e
L w 2.0416 > = - ’/2
v =~ 2 w i da
The neutring is still left handed, but now the electron is not. The factor
—-'/2_ in (2) corresponds to the Teft-handed piece of the interaction; it
is an SU2 Clebsch-Gordon coefficient, the 3rd component of a "weak isospin® .
The extra vector interaction arises because the massive Z° and the massless
phcton are orthcgonal mixtures of the 3rd component of an SU2 triplet and
a U1 boson. Experimentally it happens that (3)
s 2 ]
Am B = - (3)

w4

so that the electron interaction i1s axiai, and lefi and right handed
components enter equally. (This is noct s¢ for guarks, because the extra

vector interaction is proportional to the fermion charge.)

Recent neutral current experiments and their theoretical analysis convincingiy
support (2). In fig. 1,1 show a plot cof g, versus g, arrived at from analyses

of vPe — V}* e scattering,}jﬁe — ;/'} e, ;;e e —» "'i}ee

(which has contributions from both charged and neutral current interactions)



and e N —w e N for longitudinally polarized e~ (6). In this last ex-
periment a cross section different for right and left handed electrons

is evidence for a weak interaction centribution. (Its theoretica1 analysis
needs Zo—quark couplings, which are also now known. The experimentally

allowed region is stippled.)

The Tow energy charged and neutral current leptonic weak interaction is now
essentiatly established. {Of course there is still room for unconventional
effects at the 10-30 % level in some experiments.) Besides this, there is
now a new heavy leptcn 9* which appears to behave exactly Tike e and p
except for its large mass (7). So e;pt universality is rép]aced by 6234 T

universality. Mcdels are not currently of much interest or relevance.
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2. Hadronic Decays cf T

Hadronic decays of #F provide us access to the matrix element (8)

d hadrons
Ry A (4)
RnA — 7
{HADRONS] J " j06ye T < U
of [ \
vVt
Since the guark couplings are known, this actually gives us access to the
strong interaction through
ud =% HADRONS (5)

for virtual confined quarks. Interesting issues inciude

(i) CvC

This is just the statement that the hadronic current behaves just as the

vector guark current ﬁ"ud (for zero Cabibbo angle). This and e};,'r

un1virsa.1ty give T—a,v'rg: from P -—» Te
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For the 4T decay (10),

(T — v, tgm)")

| = 0.5 (7)
I¢r- - V,ev)

from e'e - 4TC data.

For the axial current,'Tl'-bE\)e and Q}JT‘ universality give (8)
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This brings us to

PC ++ A

(ii) The 7~ =1 1 Meson and Current Algebra

The simpiest theory for 'F*‘JPP“: is shown below

p (9)
A-“—d T - \/1. Al
T N

?'ﬂ:



where the coupling of the Al to the current is fixed by the Weinberg
sum rules, and Al to g is fixed by current algebra. This simplest

theory does not work. It gives an acceptable T’(’T —&VTA,) but

T{1T-> VTA:) <4y THEORY

(7 = (10)
T(T-sv,ev) [-5b1.2 ExpT ) T{A = PTr)=25MeV

(11)

much too small an Al width,

A less simple theory (due to Geffen and Wilson (12)) deals with the

matrix element,

e\ ™oy = ey F, + €T [ (g, + 67, L'...

/ / / )
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( € is the ? polarization and particle momenta and Tabels are the same).
The constants are fixed by current algebra and CO allows for a possible low
energy non resonant piece in FO. (It seems unwise to add such constants to
F+, as then the "cross section"d(vee - ? e ') would be badly
behaved above the Al peak.) The authors have a "no Al“ solution with CO,

a pien pole but no Al pole. They also have an Al solution (fig. 2).
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Evidently, the Aj is not yet seen in T=»VopA DU PT . Once it is
established, we will have a nice opportunity to test the decade old ideas

of current algebra (13).

(i11) Second Class Currents

Besides the standard weak current which transforms like the f , and Al

(or4q¢ ) mesons,

coanmk C.. P G= C“(‘)I Mestm
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Y
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One can imagine currents which have “wrong" G parity properties {e.g. a

G = + axial piece), and which don't appear in the usual quark current,
" et Cen P c W oo

SApepLd o+ v = S(%0

(13)

+
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The former are "first class" currents and the latter "seccond class” (9).

[t has been suggested that "second class” currents. do not even exist. How-

ever, it may well be that small effective second class currents can appear

in nature due to Vh‘*-i.nqa and the effects of quark confinement, or virtual

gluon interactions of u and d not envisaged in (12) (14)

Because of the interesting possibilities it would open up, one ougnt to

look for processes feorbidden for first class currents, (15)

T 5 V., d (9¢0)

(14}
Bowt ) WK

T~ —> v, B (i1250)
™S -

and also their SU3 rotated compatriots,
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(These are, of course, suppressed also by a Cabibbo factor sinZE% )
3. The Next Heavy Lepton
Perhaps #* is the last heavy Tepton. (Many people think so.) But it may
be that there are more leptons (and quarks),
W o Ve @
c S v
(16)
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How would we recognize a next heavy lepton 1like 0J ? The classic signatures
are (7)
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(17)
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There is no evidence for such a signal for @ { 7.4 GeV (7)
(i) G Decays
We have
0“" _%Vo__ \'\J- G—""”Vo-w
| i
5 e du + 0(g) sw
e
- . st +0U8l)dc
p b )
i bt + O(®)Y be
T
+ 0(tg")) bl

Estimates of M,s My are m 4.5 Gev, mtz 8 GeV (from the absence of a
' "
signal ( )) Sincee , B sec (17), no significant

PN~ H*\*““’“'
b production is expected, and no bt for MO‘S 12.5 GeV. So @ decays will
—— . To estimate the

8¢

be dominated by Y, - -
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branching ratio G’évo_ev or Q0 —» VO_'H_U , 1t's necessary to
calculate the V-A rate in (20)

- 2(p2) 4 (Pi* P2 (20)

The decay rate differential in x is (18)

| Av

—_—— —— Z’Vth)(!-x.)z(l-i-?K) (21)
Tlo»Vev) d x

where

w (V@) = G (Ve TH1,)

Gl Vee —s'ﬁ,,.r*)

is the number of active fermion flavors in the charged weak current

{3 per quark pair, 1 for a lepton pair). It is the analog of

R - Glete T ! ?) | | )
O lete —pt)
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’HVé?) Tooks as follows:
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In order to estimate branching ratios as a function of (§ mass, approximate

these thresholds by 9 -functions,

M(VR) = S + t{-Q(\ré"— 1.8 GeV) (23)

The resuit is fig. (3)
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Since we expect that MG" 3.5 GeV,
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n
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(i1) Telling Y0~ and ®+ T  Apart

Both efe” —® =¥ T~ and e'e™ 070"~ give an e prsignal. In order to
check for a new component in ete - €M + missing energy, it is simplest

to plot data in a way such that it would exactly scale if there were no
(18},

.

new e)k source. The following distributions scale exactly for ep

Fig. ( 4 ) shows these functions for a V&A T
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On passing a new 010" threshold, dramatic violations of the scaling

laws (24) will appear. Qualitatively,

& e
o Br ~0(5) eer*"o(:;f -

3

both much larger on average than fe , ?}" or eQ)" for the .

Another potentially interesting signal for a new heavy lepton occurs when
e'e =n@Y0™ followed by G ¥y @tyy or H."fvv and G "-» y_0d
. (19) - T

or Uo_cs - ? jets,

— - T . .
e'e” —» o' .Q + 2)@"5 + Mlssﬁny %9/:.?} (27)

For a V-A &, the invariant mass distribution of the 2 jets and its mean are

shown on fig, (5)

jet d
r
dMpag/Mol |\ “Mhat>=55Mo

I jet

Mhad/Mo

Fig. 5
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Two well defined jets will require <Hhad> > 7 GeVor M-» 15 GeV.

{111} Other backgrounds

Separating @M events from YT and o-¥G ™ is clearly not a problem. It
may be worth remark that other (quantum electrodynamic) backgrounds generally
depend only logarithmically on energy for experimental cuts which scale with
the e'e” beam energy. Thus if

bt 2 €Ep  , Be. >6 =
Such backgrounds will be not materially worse for 61T and vt T provided
€ and B, are the same. (e.g. at EB“2-3.5 GeV 9° is 20° and €

7)

typically 0.5 ( }. Other backgrounds with a threshold behavior, e.qg.

the 2+« process
ete — ete T " o er + oo
have to be dealt with separately.

4. Unbounded Fermion Mass Spectrum

It would be very exciting to find a new heavy lepton at PETRA or PEP. Perhaps
the spectrum of "elementary" fermions continues up to very high mass indeed.

But there are Timitations. We do not expect that calculabie radiative corrections
to known processes which are finite for a few leptons become infinite if we

allow an unbounded Tepton (and quark) mass spectrum (20). Take the fermion
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loop corrections to the muon anomalous moment as -an example,

Loop o\ ds |
o= v (5) § TR @
T

%

Then we require that for an unbounded spectrum (21)

o0
Loo \
a®® ~ 7 - <% (30)
» we, Ulg
M . th o 1 . .
where w 15 the mass of the n”" pointlike fermion. The simplest {(but not
lcop . (21)
the only) way to assure a Loy is for
2 - 1w | 31
and it is easy to show that
Mas 1 3 L to J w2
— . V\nn “ waw (32)

M wow }
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This suggests that if we want to look for fermion mass regularities, we
try plotting -pJan VErsus pﬂgn . This is dene in fig. (6 }. I plotted

E\AMH/Me (n =1 fore, 2 for , ...) versus zvm ,ev\Mn/Mu for charge
+ 2/3 quarks, and !LA Mn/Md for charge -1/3 quarks. In the latter case

n=1foruord, 2 forcors, ...

Lepton masses are well known; for quarx masses 1 took

w, = & MeV m, = 12 GeV

3)

(3
b Mev w = 135 MeV M= 4.5V

il

“y

These are, of course, more ambiguous than lepton masses. So any regularity

will be less gbvious.

There does seem to be a pattern to the masses, which is clearer for leptons
than for quarks. This apparent regularity may well be accidental. If it is

not, then there may be a new charged lepton around 16-18 GeV mass, and perhaps
a new eQ = -1/3 quark too. The indication from the figure is that the next
eQ = + 2/3 quark is rather more massive than the next ey = -1/3 quark. {Perhaps

it lies arocund es 40 GeY mass; this differs from one popular guess that

2wy 2 M s Mgt M= 270 Q30 Gev )

It would be surprising if any such naive guess of future fermion masses actually
turned out to be correct. However it is already clear that the masses of the
"elementary” fermions are one of the basic puzzles of elementary particle

physics. The more fermions there are, the more fascinating the puzzie.
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