
Four families: 1, neutrinos; 2, charged 
leptons; 3 and 4, quarks, including the 
long-awaited 'top'. 
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Periodic Table of Elementary Particle constituents 

opment work in this sector is well 
shared, both through formal colla
boration agreements and through 
informal contacts, and linear collid
er workshops will be an increasing
ly important focus of attention. 

ICFA's four Panels in key devel
opment areas - Instrumentation, 
Superconductivity and Cryogenics, 
Beam Dynamics, and New Acceler
ator Schemes and Technologies 
(now renamed Acceleration Tech
nology) - continue to provide im
portant stimulus. 

These panels have an ongoing 
programme of activities and are 
continually adapting their approach 
to take account of new trends. 
Some Panel nominations are still 
outstanding, and a summary will be 
published in a forthcoming issue. 

WORKSHOP 
Waiting for the top 
quark 
The wor ld of elementary particle 
physics is eagerly waiting for the 
top quark, probably the final ele
ment of the 'periodic table' of ele
mentary particle constituents (see 
figure). 

This table consists of t w o famil
ies of weakly interacting particles 
(leptons) - one series (the electron, 
the muon and the tau) carrying el
ectric charge; the other (the corre
sponding three types of neutrino) 
being electrically neutral - together 
wi th a family of quarks carrying el
ectric charge 2 / 3 (up, u; charm, c; 
top, t) and a family of charge -1 / 3 
quarks (down, d ; strange, s ; beau
ty b). 

It was then not surprising that 
the 1990 Theory Workshop at the 
DESY Laboratory in Hamburg in 
October, devoted this t ime to ' top 

physics', attracted some 200 phy
sicists, substantially more than pre
vious workshops in the series. 

The top quark has escaped the 
hunt so far at the fol lowing elec
tron-positron colliders - PETRA at 
DESY, PEP at Stanford, TRISTAN 
at KEK (Japan), SLC at Stanford 
and LEP at CERN - as well as the 
SPS and Tevatron proton-antipro-
ton colliders at CERN and Fermilab 
respectively. 

It is also expected to be out of 
reach at the energy-upgraded LEP 
and at the HERA electron-proton 
collider soon to be commissioned 
at DESY. But there is still hope that 
it might be found in the next few 
years at the Tevatron if it is lighter 
than 150 GeV. Otherwise it will 

have to wait for the next genera
tion of supercolliders. 

As reported by A. Barbaro-Gal-
tieri (Berkeley), the top quark mass 
is more than 89 GeV, based on 
searches at the Tevatron. Thus the 
top quark is at least 18 times heav
ier than the b quark and probably 
heavier than the W and Z bosons, 
at 81 and 91 GeV respectively the 
heaviest particles discovered so 
far. 

Despite its reluctance, the top 
quark has to exist, as emphasized 
at the meeting by M. Peskin (Stan
ford). Its absence would totally in
validate the so-far perfect agree
ment of the Standard Model of 
physics wi th a vast amount of ex
perimental data, in particular the re-
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HIGH VOLTAGE 

HIGH VOLTAGE RELAYS 1KV TO 300KV 
HV Relays of the air insulated type both 
for low and high current. This series 
has ratings from 0.001 to 200 amps 
continuous, 100 to 100,000 amps 
momentary and capacitor discharge. 
Peak test voltages from 5 to 300KV. 
Single or Multi-pole. NO, NC and DT. 
Auxiliary contacts optional on all types. 
Latching, extended life, air pressure ac
tuated and also tungsten contacts 
available for high current closing. 
Electrical actuators for any AC or DC 
control voltage. 

HV WIDEBAND PROBES 1KV 
These stable high voltage Probe Systems 
from Ross Engineering Corporation in
corporate 1KV-300KV PK HV wide band 
DC-10MHz probes and digital meters. 
With outputs for oscilloscopes and re
corders together these two products pro
vide accurate measurement and output 
for display of voltage, wave or pulse 
shape. The Ross HV insulated collapsible 
handles complete the hand-held model 
VMP Probe system to insure proper per
sonnel clearance according to OSHA 
recommendations. 

300KV 

HIGH VOLTAGE 
DIGITAL MULTIMETER | 

PROBES | 

QOSS . 
Products available from Ross Engineering Corporation include: 
H.V. RELAYS, H.V. DIVIDERS & PROBES, ANALOG FIBER OPTIC 
TRANSMISSION SYSTEMS DC TO 10MHz, HIGH CURRENT, 
H.V. SWITCHES, H.V. ROTARY SWITCHES, H.V. CIRCUIT BREAKERS, 
H.V. CONTACTORS, H.V POWER LINE VOLTMETERS, 
H.V. DIGITAL MULTIMETERS, ADJUSTABLE SPARK GAPS. 
H.V. SAFETY DEVICES. INDUSTRIAL AND MILITARY APPLICATIONS. 

Ross Engineering Corporation. 540 Westchester Dr. 
Campbell, CA 95008. Ph:(408)377-4621-Fax(408) 377-5182. 
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M. Peskin (Stanford) - no doubt that the top 
quark is there. 

cent LEP results. The internal con
sistency of this model requires all 
elements of the periodic table to be 
filled. Moreover the observed pro
perties of the b quark indicate very 
clearly that it must have a charge 
+ 2 / 3 partner. The violation of CP 
symmetry in the neutral kaon sys
tem requires at least six quarks, 
pointed out already in 1973 by Ko-
bayashi and Maskawa. 

While the top quark must exist, 
its mass is not predicted by the 
Standard Model, nor is the model 
capable of telling us on pure theo
retical grounds whether it is indeed 
the final quark. Fortunately exper
imental data can shed some light 
on these t w o questions, and 
studies of Z decays at LEP and SLC 
(described by D. Schaile of Frei
burg) show very clearly that the 
number of light neutrinos (i.e. the 
number of columns in the periodic 
table) is three. If there are only light 
neutrinos in nature, then top is the 
last quark. 

This information is extremely im
portant for any phenomenology of 
the Standard Model as it bounds 

the number of free parameters. 
Most of these parameters are in 
the quark mass spectrum and in 
the (unitary) Cabibbo-Kobayashi-
Maskawa (CKM) matrix containing 
the inter-quark weak coupling 
strengths. 

For three generations (three co
lumns in the periodic table) the 3 x 
3 CKM matrix depends on four free 
parameters. This number is in
creased to nine if one additional 
column is added. As reported by 
M. Danilov (ITEP) the 3 x 3 CKM 
matrix is already reasonably well 
determined by present experiment
al data, despite its containing three 
couplings related to the undiscov
ered top quark. In particular the 
coupling of the b to the top quark 
is predicted to be maximal, indicat
ing that future B-Meson factories 
will also probe top physics. 

For the top quark mass, virtual 
(loop) effects present in any quan
tum field theory mean that the top 
quark, although still invisible, still 
has an impact on presently measur
able quantities, and in this way 
some information on the mass can 
be inferred. 

Basically there are two sources 
of such information. One is based 
on 'vertical mass splitt ings' in the 
periodic table (the t-b mass differ
ence) referred to as 'weak isospin 
breaking' and which have an im
pact on the physics and the para
meters of W / Z physics. As re
ported by A. Denner (Wurzburg) 
and D. Haidt (DESY), detailed 
studies of this type using LEP 
measurements indicate that, if the 
Standard Model is the whole story, 
the top quark should lie between 
100 and 170 GeV, good news for 
Tevatron physicists. 

The second source of informa
tion comes from 'horizontal mass 
splitt ings' (t-c), governing delicate 
neutral current processes such as 

neutral B meson mixing and CP-vio
lating decays. As reported by J . 
Rosner (Chicago) and S. Bertolini 
(Munich) the top mass values from 
this type of analysis are compatible 
wi th those from the other ap
proach, although considerable the
oretical uncertainties do not yet al
low for very firm conclusions. 

All these arguments contain 
some uncertainty and no one can 
completely exclude the possibility 
that top lies beyond 200 GeV. If 
top is really that heavy some spec
tacular effects may occur. Certain 
branching ratios, like that for a 
charged kaon going into a pion and 
t w o neutrinos, may be substantially 
enhanced, making the life of exper
imental physicists easier. On the 
other hand, certain CP-violation pa
rameters could become very small, 
making life extremely difficult. 

As discussed by W . A . Bardeen 
(Fermilab) the heavy top scenario 
can be used to generate the W / Z 
masses dynamically without resort
ing to elementary Higgs scalars 
which have also so far escaped de
tection (P. Zerwas - Aachen). In 
such a scenario the breakdown of 
electroweak symmetry is triggered 
by a condensation of top quarks 
into a composite Higgs. This bears 
some analogies to the BCS theory 
of superconductivity with top-anti-
top condensates playing the role of 
the Cooper pairs. Could these ideas 
help resolve some of the outstand
ing questions on the origin of 
mass? 

Whether the dynamical symme
try breaking is triggered by a heavy 
top quark or some other mechan
ism, its implications are certainly 
wor th pursuing (R. Peccei - Los 
Angeles, M. Peskin). Various sim
plest scenarios such as some ver
sions of technicolour models may 
even be ruled out now. The strong
ly interacting Higgs sector is anoth-

CERN Courier, January/February 1991 9 



Behind the scenes at the recent DESY Theo
ry Workshop - left to right - Chairman and 
Organizer Andrzej Buras of Munich with Hel-
ga Laudien, Ingeborg Schwartz and Fridger 
Schrempp of DESY. 

er related aspect which should be 
well tested at future supercolliders. 

Lattice gauge calculations pro
vide new theoretical insights into 
mass spectra, and J . Jersak (Aach-
en/Julich) an.d M. Munster (Muns-
ter) looked at some of the implica
tions of a heavy top quark. New in
sight should come in the coming 
year through extensive lattice cal
culations. 

The final morning of the work
shop coincided wi th the 'Grand 
Unification' of Germany, demon
strating clearly that superstring the
ories cannot be 'Theories of Every
thing' since at least this unification 
had not been predicted! 

The workshop certainly showed 
that there can be a lot of fun in 
waiting for the top quark - predict
ing its mass and its weak cou
plings, plotting curves, writ ing pap
ers and arranging meetings. How
ever if this situation continues for 
another decade, it could lead to a 
budget crisis in particle physics. 
Let's hope it 's found soon! 

By Andrzej J. Buras, Munich 

GRAN SASSO 
Gallex underway 
Although the experiment actually 
started collecting its solar neutrino 
data last Summer, November 30 
saw the official inauguration of the 
Gallex experiment. A collaboration 
between Heidelberg, Karlsruhe and 
Munich in Germany, Saclay and 
Nice in France, Milan and Rome in 
Italy, Rehovot in Israel and Brook-
haven in the US, Gallex uses 30 
tonnes of gallium (as gallium chlo-

One of the target tanks of the Gallex solar 
neutrino experiment, which uses 30 tonnes 
of gallium (as gallium chloride solution) in the 
Gran Sasso underground Laboratory 150 ki
lometres from Rome. 
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