
Berkeley Conference 

To a regular observer at annual 
international meet ings, progress 
in particle physics f rom one year 
to the next somet imes might seem 
ponderously s low. But shift the 
t imescale and the result is start l ing. 

Opening his summary of the 
1986 International Conference on 
High Energy Physics, held in Ber
keley, California, f rom 16-23 July, 
Steve Weinberg f irst recalled the 
1966 Conference, also held in Ber
keley. Then the preoccupat ions 
were current algebra, hadron re
sonances and the interpretat ion 
of scatter ing in te rms of Regge 
poles, and the theory of weak in
teract ions. Physics certainly has 
moved . 

In those days the luxury of t o 
day 's Standard Model was ' incon
ceivable' . This picture (the elec-
t roweak unification plus the 
quark /g luon field theory of nuclear 
forces) is n o w 'not seriously ques
t i oned ' , said Weinberg , 'however 
it is full of holes and loose ends ' . 
The absence of the sixth ( ' top') 
quark 'was not a wo r r y ' . 'More 
t roub lesome' was the absence of 
clues to the Higgs mechanism (the 
source of mass in the e lect roweak 
sector), but 'someth ing must s h o w 
up by 1 TeV (1000 GeV) ' , he main
tained. 

Weinberg compared quantum 
chromodynamics (QCD, the field 
theory of quarks and gluons) to 
hydrodynamics. Both are compl i 
cated theories w i th diff icult equa
t ions. 'One doesn ' t s tudy turbu
lence to test the Navier-Stokes 
equations (of hydrodynamics) ' , he 
declared. Quark/g luon interact ions 
under simpler condi t ions, as in the 
product ion of ' je ts ' of hadrons, 
were in his v iew a better test of 
the theory. 

Earlier on the final day of the 
Conference Bill Scot t of the U A 1 
team at CERN covered the status 
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the meeting. 
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of QCD. Good measurements of 
the quark /g luon distr ibut ions inside 
nucleons are required as input and 
this data is steadily accumulating 
and improving. 

' Impressive ' according to Scot t 
was the agreement between theory 
and experiment for the product ion 
of W and Z particles and of jets 
(indicative of violent interactions 
between quarks — or gluons — 
inside the coll iding particles) in 
proton-ant iproton annihilations. 
Since the f irst jet data f rom the 
CERN proton-ant iproton Collider 
were presented at Paris in 1982 , 
the experiments have gone on t o 
cover an enormous kinematical 
range. Addi t ional insights come 

f rom last year 's results over the 
range of energies obtained by 
' ramping ' the CERN Collider. It is 
interesting that the level of lower 
energy jets increases at higher co l 
lision energies. 

'Fragmentat ion ' — the descrip
t ion of how invisible quarks and 
gluons produce visible particles — 
has benefi ted f rom data covering 
a w ide range of condi t ions. Differ
ent methods exist for compar ing 
the behaviour of quarks and 
gluons, but appear t o give similar 
results. In past years there had 
been t w o main contending expla
nations — the so-called 's t r ing ' 
and ' independent f ragmentat ion ' 
models , but the latter is now 
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' d e a d \ af f i rmed Scot t . 
A m o n g Weinberg 's ' loose ends ' 

were the outstanding quest ions of 
w h y certain symmet ry pat terns 
w o r k and w h y there are a l imited 
number of quarks and leptons 
grouped into generat ions. He 
spoke of the ' f rust ra t ion ' of the 
alternative theoret ical a t tempts t o 
answer these quest ions, none of 
wh ich had anything t o show . H o w 
ever Weinberg w a s conf ident that 
the energy front iers being opened 
up by new machines wou ld help. 

Like several other speakers dur
ing the Conference, We inberg men
t ioned a f e w events p icked up by 
the U A 1 detector at the CERN Col
lider producing a pair of je ts t o 
gether w i t h some 'miss ing energy ' 
indicative of an invisible escaping 
particle and wh ich could fall out
side the net of convent ional phy
sics. 

The impl icat ions of unified theo
ries wh ich a t tempt t o remove unsa
t is factory loose ends were covered 
by Roberto Peccei of DESY. A f te r 
briefly describing the new sugges
t ion of a f i f th force (see Apr i l issue, 
page 9), and the unexplained ef
fec ts seen in heavy ion studies at 
Darmstadt (see Apr i l issue, page 
22) , Peccei turned t o the 'super-
s t r ing ' idea, the main contender 
for a T h e o r y of Everything' (see 
page 12). Whatever else they im
ply, superstr ings have t o invoke 
supersymmetry , wh ich means that 
the number of particles has t o be 
doubled. Thus the search is on for 
the LSP — Lightest Supersymme-
tric Particle. Peccei did not th ink 
that the couple of U A 1 dijet events 
were a candidate LSP signal since 
U A 1 sees most ly single 'mono je ts ' 
accompanying missing energy. 

In chart ing the vast energy 
ranges covered by these ambi t ious 
theor ies, Peccei underl ined the 
inaccessibi l i ty of mos t of the ter-

Stewart Loken of Berkeley, chairman of 
the Local Organizing Committee at the 
Conference. With some 1600 participants, 
it was one of the biggest physics meetings 
ever. 

rain through laboratory experi
ments , indicating that w e wou ld 
probably have t o rely on non-accel
erator exper iments to peek into 
this obscure w o r l d . 

A s for the theor ists t ry ing to 
explain it all, Peccei classif ied them 
either as 'desert t rekkers ' w h o 
star ted f r om global f i rst principles 
and w o r k e d f rom the top d o w n , 
or as 'moose herders' w h o basi-
caffy w o r k e d f rom the bo t t om up 
whi le t ry ing to keep their feet f i rmly 
on the ground. 

It was John Schwarz of Caltech 
w h o led the plenary audience to 
worsh ip at the shrine of super-
str ings. This theory w a s also s tout 
ly defended by We inberg , w h o 
maintained that in the absence of 
other ideas superstr ings prov ided 
' the only avenue for under
s tanding ' . 

A l though describing the theory 
as 'compel l ingly beauti ful ' and 
compar ing it to Einstein's general 
relativity, Weinberg warned that 
it required a 'high entrance fee ' in 
terms of mathematical educat ion. 

hindering communicat ion between 
theor ists and experimental ists. 

The non-accelerator exper iments 
wh ich are increasingly being relied 
upon to probe otherwise inacces
sible energy domains were des
cribed by Maurice Goldhaber of 
Brookhaven. The mot ivat ion for 
these studies had come f rom initial 
ef for ts to construct Grand Unified 
Theor ies, wh ich predicted an un-
stabfe p ro ton . The limits on pro ton 
stabi l i ty are steadily being pushed 
out. Goldhaber pointed out that if 
the pro ton l i fetime needs to be as 
long as 1 0 4 7 years, it implies a 
f e w counts per hour for the who le 
of the planet. T h e detector is 
ready but not the readout ' , he 
remarked. 

Isolated examples of candidate 
decays have been found , but 
Goldhaber maintained that 'a single 
event does not show that the pro
ton decays ' . 

Turning to other ef fects, Goldha
ber underl ined the 'versat i l i ty ' of 
detectors const ructed to look for 
proton decay. T h e y could detect 
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Still controversial 

a number of things but they 
haven' t ' , he commented wry ly . 

Michel Davier of Orsay had the 
task of summarizing searches for 
new particles, and admit ted at the 
outset that despite having 
'hundreds of t ransparencies' at his 
disposal , he had only negative 
results to report. The sixth (top) 
quark which had been hinted at 
by U A 1 in recent years had no 
new support ing evidence. A n em
barrassment was the cont inuing 
inability to pin d o w n the Higgs 
mechanism — 'more elusive than 
w e thought ' , remarked Davier. 

The electroweak sector that 
according to Weinberg had been 
' inconceivable' back in 1966 was 
covered by Guido Altarell i of Rome, 
w h o described the impressive pre
cision now being attained in deter
minat ions of the e lectroweak para
meters. Pointing to the couple of 
possibly unexplained U A 1 dijet 
events, Altarell i classified them as 
' interesting but not statist ically 
signif icant' and preferred t o wai t 
and see. 

The initial evidence for B particle 
mixing f rom the U A 1 experiment 
(see page 17) gives addit ional in
sights into the Standard Mode l , 
said Altarell i . A s for the missing 
Higgs, he pointed t o theoretical 
implications which had yet to be 
tes ted. 

More support for the Standard 
Model came f rom Murdock Gilch-
riese of Cornell, speaking on weak 
interactions. The l i fetimes and de
cay modes of the tau lepton and 
of charm and beauty quarks were 
steadily being sor ted out , al though 
here and there some more w o r k 
was needed. Overall, the Standard 
Model was 'not seriously ques
t ioned ' claimed Gilchriese, and 
moreover there was not even any 
'smoking gun ' point ing at potential 

• page 5 

It is some sixty years since the 
existence of the neutrino was con
troversially postulated by the con
troversial Wolfgang Pauli. Today, 
the neutrino remains controversial. 
At the Berkeley Conference, sum-
marizer Steve Weinberg kept the 
spotlight on these enigmatic parti
cles during a considerable portion 
of his talk. 

The neutrino sector was speci
fically covered earlier in the ple-
naries by Guido Altarelli of Rome, 
speaking on the standard electro
weak model. Neutrino results from 
passive experiments away from 
accelerators were dealt with in a 
plenary talk by Maurice Goldhaber 
of Brookhaven. These summary 
talks reflected in turn the in-depth 
treatment of an earlier parallel ses
sion on neutrino masses and oscil
lations. 

The so-called 'solar neutrino 
problem' has puzzled physicists 

Berkeley Conference summarizer Steve 
Weinberg displays a model of coupled 
neutrino oscillations which demonstrated 
how the behaviour of a neutrino beam could 
change on passing through matter. This 
'MSW' effect (the W doest not stand for 
Weinberg) could throw new light on the 
long standing puzzle of solar neutrinos. 

for years. So far the measured 
level of neutrinos arriving from the 
sun is consistently less than what 
is expected from conventional cal
culations based on models of the 
sun's interior. To check and extend 
these measurements, a new gen
eration of solar neutrino experi
ments is being prepared. 

Last year an interesting new 
explanation for the solar neutrino 
problem was put forward. Now 
called the MSW Effect (Mik-
chayev / Smirnov / Wolfenstein), 
it proposes that different types of 
neutrinos can mix through a subtle 
resonance effect which depends 
on the density of the surrounding 
matter. Weinberg brought to Ber
keley a toy model of coupled oscil
lations to illustrate it. 

The neutrino session began with 
a masterly description by Lincoln 
Wolfenstein of Carnegie-Mellon of 
standard neutrino dogma, indicat-
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