
experiments at a B factory needs 
further development of theoretical 
tools. A particular goal is to perfect 
the lattice techniques needed to 
compute B decays with a precision of 
10% or better. 

In the same vein, the discovery of 
heavy quark symmetry by Isgur and 
Wise in 1989 and its subsequent 
consolidation has opened up reliable 
predictions for B decays. This ap
proach exploits the big difference 
between quark masses, revealing 
powerful symmetries in heavy quark 
systems which facilitate computa
tions. The approach has already paid 
handsome dividends, but data from B 
factory experiments would increase 
its usefulness. 

Flavour changing neutral current 
transitions in B decays creep in as 
higher order (rare) processes and are 
dominated by virtual top quark 
contributions. Measurements would 
provide valuable constraints on the 
top quark mass and its inter-quark 
couplings. The recent observation by 
the CLEO collaboration at Cornell's 
CESR electron-positron collider of 
the decay of a B meson into a K* and 
a photon provides a good check of 
the strength of so-called 'penguin' 
processes (see page 1 ) and opens a 
new chapter in the study of weak 
decays. However exploiting the full 
potential of the B sector with its many 
rare decay possibilities requires a B 
factory. Precision measurements on 
all these B decays would provide full 
and stringent tests of the quark 
mixing matrix and probe any loop
holes indicative of new physics. 

CP violation in B decays is ex
pected to happen through three 
mechanisms. The interference of two 
Feynman diagrams with different 
weak and strong phases gives so-
called direct CP violation. The un
equal probabilities for neutral B-

mesorrs to transform into each other 
provide another possibility, while the 
interference of this effect with direct 
B decay gives a third. In the Stand
ard Model, this latter class might 
exhibit large CP violating effects, 
much larger than those seen in kaon 
decays. 

While the bulk of analysis so far 
uses a Standard Model context, B 
decays also provide a scenario for 
physics beyond the Standard Model. 
With high production rates for tau 
leptons, a B factory will allow 
searches for many decays at levels 
at least two orders of magnitude 
more sensitive than present limits. 

The wide diversity of B decay 
channels needs to be exploited to 
improve our understanding of weak 
decays. Present measurements and 
theoretical analyses support the 
Standard Model, but consistency is 
not yet complete. Experiments at a B 
meson factory will pin this down. 

In particular, the possibility of 
observing CP violation in B decays is 
an outstanding opportunity to finally 
get to grips with a fundamental 
physical phenomenon vital to our 
understanding of the evolution of 
universe. 

Last but not least, there is the 
general dissatisfaction with the 
Standard Model, where masses and 
mixing patterns have to be put in by 
hand. Understanding this is one of 
the major challenges facing physi
cists today, and a B factory could 
provide the long-sought clue to what 
makes the Standard Model tick. 

From RoyAleksan (Saclay) and 
Ahmed Ali (DESY) 

Physics and 
astrophysics of quark-
gluon plasma 

The quark gluon plasma - matter 
too hot or dense for quarks to crystal
lize into particles - played a vital role 
in the formation of the Universe. 
Efforts to recreate and understand 
this type of matter are forefront 
physics and astrophysics, and 
progress was highlighted in the 
Second International Conference on 
Physics and Astrophysics of Quark 
Gluon Plasma (ICPA-QGP 93), held 
in Calcutta from 19-23 January. (The 
first conference in the series was 
held in Bombay in February 1988). 

Although primarily motivated to
wards enlightening the Indian physics 
community in this new and rapidly 
evolving area, in which India now 
plays an important role, the confer
ence also catered for an international 
audience. Particular emphasis was 
placed on the role of quark gluon 
plasma in astrophysics and cosmol
ogy. 

While Charles Alcock of Lawrence 
Livermore looked at a less conven
tional picture giving inhomogeneous 
('clumpy') nucleosynthesis, David 
Schramm (Chicago) covered stand
ard big bang nucleosynthesis. The 
abundances of very light elements do 
not differ appreciably for these 
contrasting scenarios; the crucial 
difference between them shows up 
for heavier elements like lithium-7 
and -8 and boron-11. 

Richard Boyd (Ohio State) high
lighted the importance of accurate 
measurements of the primordial 
abundances of these elements for 
clues to the cosmic quark hadron 
phase transition. B. Banerjee (Bom-
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Participants at the recent Calcutta International 
Conference on the Physics and Astrophysics 
of Quark-Giuon Plasma. 

bay) argued, on the basis of lattice 
calculations, for only slight supercool
ing in the cosmic quark phase transi
tion - an assertion which runs counter 
to the inhomogeneous 
nucleosynthesis scenario. 

Jes Madsen of Aarhus reviewed the 
role of (meta)stable strange quark 
matter in astrophysics and cosmol
ogy, discussing the prospects for 
distinguishing between neutron stars 
and quark stars (where the neutron 
matter is compressed into a cold 
version of quark-gluon plasma). 

P. Bhattacharya (now at Bangalore) 
reported the results of recent calcula
tions by the Calcutta group with a 
colour flux tube model giving evapo
ration from quark nuggets formed in 
the cosmic phase transition. With 
conservative estimates of baryon 
number above which such nuggets 
would be stable, they are a viable 
candidate for dark matter. However 
self-consistency conditions require 
these nuggets to be of supernuclear 
density, in contrast to those of normal 
density postulated by Ed Witten 
some time ago. 

On the experimental side, Albert 
Romana (Palaiseau) reported the 
recent analysis of dimuon data by 

NA38 at CERN. Hans-Ake 
Gustafsson (Lund) discussed WA80 
(CERN) data on charged particle 
distributions for sulphur-32 beams. 
Karl-Heinz Kampert (Munster) 
focussed on WA80 data on thermal 
photon and neutral meson production 
for oxygen and sulphur projectiles 

while Thomas Peitzmann (also 
WA80) presented results on pion-
pion interferometry, claiming a two 
component structure of the pion 
source, with one component substan
tially bigger than the original target. 
Preliminary proton-proton correlation 
measurements, he reported, show no 
such effect. 

Chris Voltolini (Strasbourg) gave 
the strangeness measurements of 
the NA36 collaboration. J. Dodd 
(Columbia) showed preliminary NA44 
data on on two-particle correlations in 
proton and sulphur beam experi
ments. Johanna Stachel (Stony 
Brook) reviewed the results from the 
Brookhaven AGS experiments. 
Soren Sorensen (Knoxville and Oak 
Ridge) discussed measurements of 

CERN Director General designate Chris 
Llewellyn Smith at the Calcutta quark-gluon 
plasma meeting. 
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transverse and forward energies. 
The consensus was that although 

SPS (CERN) and AGS experiments 
clearly indicate the formation of hot 
dense nuclear matter, on the other 
hand one does not necessarily need 
to invoke QGP formation to explain 
any of the observations, including the 
key suppression of J/psi or strange
ness enhancement. 

What then happened to the confi
dent predictions of some years ago 
that at energy densities of a few 
GeV/fm 3, QGP must be formed? This 
is closely linked to the estimation of 
stopping in nuclear collisions, as 
pointed out by Franz Plasil (Oak 
Ridge) in his experimental overview. 
We do not as yet have an universally 
accepted criterion for estimating 
stopping, and the evaluation of initial 
energy density depends, noted Plasil, 
quite sensitively on this estimate. 

Many experimental talks looked 
forward to new experimental possi
bilities and new machines - new 
beams at CERN's SPS, new energy 
domains from RHIC at Brookhaven 
and LHC at CERN. 

In the theory talks, Sibaji Raha 
(Calcutta) reviewed the status of 
electroweak probes for possible QGP 
signals. Summarizing the work of the 
Calcutta group, he showed that 
photons can indeed be a viable QGP 
signal, contrary to the apprehension 
resulting from recent work which 
suggested that massive resonances 
make a hadron gas 'shine' as brightly 
as QGP. 

The other important Calcutta result, 
reported by Raha and J. Alam, is the 
transverse expansion in nuclear 
collisions at SPS, RHIC and LHC 
energies. They showed that with 
transverse expansion, the impor
tance of including higher mass 
resonances in the hadronic phase 
'pales' with increasing energy, and at 

LHC energies, the lifetime of the 
reaction seems unaffected by 
whether the hadronic phase is 
treated as only massless pions, or 
pions and massive resonances. It 
thus seems that photons continue to 
be viable QGP signals, assuming 
preequilibrium photon production is 
neglected. It was however pointed 
out that preequilibrium photon pro
duction could indeed play havoc with 
the electroweak signals, an observa
tion made by the same group over 
two years ago. Detailed analysis of 
photon and dilepton signals, taking 
into account all these effects at all 
energies, are eagerly awaited. 

Rajiv Gavai (Bombay) and Sean 
Gavin (Brookhaven) discussed J/psi 
production and related matters. J.Y. 
Ollitrault (Saclay) proposed 
anisotropy in transverse momentum 
distributions as a signature of trans
verse collective flow. Klaus Werner 
(Heidelberg) reviewed the status of 
various event generators in the 
market for the simulation of 
ultrarelativistic nucleus-nucleus 
collisions. There were no talks on 
lattice calculations due to a couple of 
last minute cancellations. Arthur 
Poskanzer (Berkeley) and Bikash 
Sinha (Calcutta) respectively summa
rized experiment and theory. 

The conference was inaugurated by 
P.K. Iyengar, then Chairman of the 
Atomic Energy Commission of India, 
who pointed out that with ICPA-QGP 
1988 having initiated the younger 
generation of Indian physicists, there 
was now a responsibility to nurture 
them. He noted with satisfaction that 
Indian participation in experimental 
QGP studies had matured remark
ably in the intervening five years and 
urged scientists to broaden their 
horizons through these and other 
collaborative efforts. This was under
lined by C H . Llewellyn Smith's talk 

on the future directions of CERN 
activities, where he welcomed 
greater involvement of Indian scien
tists. 

In all it was a stimulating week for 
the 220-odd participants. Civil unrest 
in India at the time made the organiz
ers' work difficult, but those who did 
attend could vouch for excellent 
organization by Santanu Pal and his 
team. Several participants felt it 
should not be as long as five years 
before the next conference in the 
series. 
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