
Baksan Underground Scintillation 
Telescope. A. Smolnikov reviewed 
double beta decay searches, both at 
Baksan and elsewhere. 

Traditionally, a number of lectures 
at Baksan schools are devoted to the 
status and future prospects of under
ground experiments. Considerable 
interest was raised by the status 
reports on two Gran Sasso experi
ments: G. Giacomelli gave the talk on 
MACRO and V.Kudryavtsev reported 
on LVD. E.Bellotti described new 
techniques for underground physics 
and discussed three projects, 
ICARUS, HELLAZ and the Milan 
group's cryogenic device. Two 
proposals for future solar neutrino 
detectors at Baksan were also 
presented: A. Kopylov discussed the 
radiochemical lithium-beryllium 
approach, and V.Cherekhovsky 
reported on fluorine containing 
scintillation detector. This next 
generation of underground experi
ments will make precise measure
ments of solar neutrino flux and 
search for phenomena beyond the 
standard model like proton decay or 
neutrino oscillations. 

In two talks on underwater detec
tors, L.Bezrukov reported from the 
current experiment on Lake Baikal 
and I.Zheleznykh discussed plans for 
the NESTOR/SADKO experiment in 
the Mediterranean. 

The 1993 Baksan School was 
dedicated to the memory of 
A.A.Pomansky, formerly head of 
Baksan Neutrino Observatory, who 
died in April. The formation, develop
ment and worldwide reputation of the 
Observatory where to large extent 
due to his efforts. 

From Igor Tkachev 

The strong will of the 
photon 

In 1900 Max Planck introduced 
the photon, the quantum of the 
electromagnetic force. The 
electromagnetic (and 
electroweak) behaviour of the 
photon can now be calculated 
more accurately than experi
ments can even measure. But as 
well as mediating electromagne-
tism, the photon can temporarily 
dissociate into particles which 
take part in strong nuclear 
interactions. This way the photon 
enters strong interactions through 
a back door, and this aspect of 
the photon is far from underr 
stood. In this series of articles, 
Gerhard Schuler looks at what 
we know about the photon almost 
a century after Planck introduced 
the idea. 

Among today's elementary particles, 
the photon, the massless carrier of 
the electromagnetic force, plays a 
special role. At high energy, it has a 
dual character - sometimes pointlike 
and structureless, elsewhere with a 
hadronic structure. 

This is reminiscent of the duality of 
radiation and matter established at 
the beginning of the century. But 
while this wave-particle duality is 
understood in quantum mechanics, 

we have no complete description of 
high energy hadronic interactions. 
Quantum chromodynamics, the field 
theory of quarks and gluons, comes 
nearest, but calculations are not 
always possible. Physicists have to 
resort to intuitive pictures and models 
to supplement formal theory. 

The hadronic Side of the photon is a 
rich field, both theoretically and 
experimentally, studied using a range 
of reactions at all the major front-line 
accelerators and storage rings, 
culminating most recently with first 
data from the new HERA electron-
proton collider at DESY, Hamburg. 

The photon was first regarded as 
structureless. The first hint of photon 
structure was probably electron-
positron pair creation by photons in 
an electromagnetic field. In relativistic 
quantum field theory, a particle 
contains not only its 'bare' state, but 
also contributions from all states 
coupled to it by the interaction. Thus 
in quantum terms the photon also 
contains electron-positron pairs, 
which can materialize in high-energy 
reactions. 

In hadronic interactions, the photon 
was again first regarded as 
structureless (apart from 'radiative 
corrections' due to the electron-
positron pair content). However as 

Photon transformation into vector mesons 
affects both the electromagnetic properties of 
hadrons (left) and high energy photon 
interactions (right). 
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Das Deutsche Elektronen-Synchrotron DESY ist ein Zentrum der 
p^iysikalischen Grundlagenforschung mit etwa 1.400 Mitarbeitern und 
ca. 1.000 in- und auslândischen Gâsten. 

Wir suchen zum frûhestmôglichen Termin eine (n) 

WISSENSCHAFTLICHE (N) MITARBEITER (IN) 

furdasSachgebiet BeschleunigerphysikJnsbesonderetheoretischeundexperimentellleUntersuchungen 
zum Verstândnis und zur Verbesserung der Elektron/Proton-Anlage HERA und deren Vorbeschleuniger 
hinsichtlich der derzeitigen und zukunftigen Anforderungen der Hochenergiephysik-Experimente. 
Hierzu ist die Teilnahme am durchlaufenden Beschleunigerbetrieb im zentralen Kontrollraum des 
Beschleunigerverbundes einschl. des DORIS-Speicherringes erforderlich, daneben Teilnahme an 
theoretischen und experimentellen Vorstudien fur zukunftige Projekte. 
Wir erwarten ein abgeschlossenes Hochschulstudium der Experimentalphysik; Promotion, langjâhrige 
einschlâgige Berufserfahrung aus dem Betrieb, der Weiterentwicklung und der Neuanlagenprojektierung 
vongrossen Beschleunigern/SpeicherringenmitkollidierendenStrahlenfurdieElementarteilchenphysir^ 
Eigenstândige, durch Referenzen belegte Beitràge werden vorausgesetzt. 
Wenn Sie gern in der aufgeschlossenen Atmosphare eines modernen Forschungsinstitutes arbeiten 
mochten, bitten wir urn Ihre schriftliche Bewerbung mit Angabe des frûhesten Einstellungstermins und 
Referenzen an unsere Personalabteilung bis zum 15. September 1993. 
Die Bezahlung und unsere sozialen Leistungen entsprechen denen des ôffentlichen Dienstes. 
Schwerbehinderte werden bei gleicher Eignung bevorzugt berucksichtigt. 

DEUTSCHES ELEKTRONEN-SYNCHROTRON DESY 
Notkestr. 85, 22603 HAMBURG, Tel.-Nr. 040 8998 3628 

Physics Faculty Posit ion 
Theoretical Accelerator Physics 

University of Houston 

The Department of Physics invites applications for a tenured, or 

tenure-track position which it expects to be open for Fall 1993, at 

a rank appropriate to the qualifications of the candidate. Applicants 

for the position are expected to have extensive experience in 

theoretical research on high energy accelerators and storage 

rings. Involvement in operation of accelerators, and beam studies, 

are considered important. The candidate is expected to have 

demonstrated outstanding excellence in research, and to have 

interest and ability in teaching. Topics of research interest at UH 

include: beam dynamics in linacs, space charge effects in low 

energy proton synchrotrons, optimization of synchrotron tunes in 

the presence of nonlinear multipole fields, self-consistent treat

ment of beam-beam interaction in hadron colliders, emittance 

dulition due to periodic crossings of nonlinear resonances, and the 

optimum arrangement of magnets in superconducting rings. The 

group maintains active collaborations with Argonne, Brookhaven, 

Fermilab and SSCL. Students participate in theoretical investiga

tions as well as various beam studies during residence at 

laboratories. Applicants should send a full resume and the names 

of at least three references as early as possible, to Prof. Roy 

Weinstein, Chairman of Search Comm., IBPD, Room 632 SR1, 

University of Houston, Houston, Texas 77204-5506. The Univer

sity of Houston is an equal opportunity/Affirmative Action 

Employer. 

The Institute of Particle Physics of Canada 

Applications are invited for a position as a Research Scientist 
with the Institute of Particle Physics of Canada (IPP). Candidates 
should preferably have three years of postdoctoral experience and 
a demonstrated record of accomplishment. The Research Scien
tist appointment is associated with an academic position at a 
Canadian University and includes the right to hold research grants 
and to supervise graduate students. Such an appointment may 
lead to permanence after three years of employment. The current 
program of IPP includes the following experiments: (i) e +e colli
sions at LEP (OPAL); (ii) e-p collisions at HERA (ZEUS); (iii) 
polarised electron physics at HERA (HERMES); (iv) p-p collisions 
at TEVATRON (CDF); (v) B-physics at CESR (CLEO); (vi) Rare 
kaon decays at AGS (E787). Future projects currently under active 
study include participation in hadron colliders at the TeV scale, 
SDC at SSC, ATLAS at LHC, and B-Factory detector studies. The 
choise of experiment and university affiliation will be determined by 
mutual agreement between the candidate and the IPP. Curriculum 
vitae and the names of three references should be sent to: 

Alan Astbury, Director 
The Institute of Particle Physics 

Department of Physics 
University of Victoria 

P.O. Box 3055 
Victoria, B.C. - V8W 3P6 

Canada 

fax: 604-721-7752 
e-mail: charron@ uvphys.phys.uvic.ca 

Applications should be received before October 15, 1993 

In accordance with immigration regulations, preference will be 
given to citizens or permanent residents of Canada. 
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World compilation of the rate for electron-
positron annihilation into hadrons, scaled by 
the corresponding muon pair production rate, 
has considerably more structure than just the 
rho, omega and phi mesons. 

available photon energies increased 
to the multi-GeV range, the photon 
was found to have an internal struc
ture of its own. This looked similar to 
that of hadrons, except that electro
magnetic coupling makes it only 1/ 
137 as strong. 

Photon-hadron interactions can be 
understood if the physical photon is 

viewed as a superposition of a bare 
photon and an accompanying small 
hadronic component which feels 
conventional hadronic interactions, 
but with the same quantum numbers 
as the photon. 

The vector meson dominance 
(VMD) idea says the three neutral 
vector mesons rho, omega, and phi 

provide this hadronic component, 
while the interaction of the bare 
photon with hadrons becomes 
negligible at high energies. The need 
for such vector mesons had became 
apparent in the late 50s by some 
puzzling features in nucléon charge 
distributions. 

If the photon Can transform into 
vector mesons, not only should this 
affect charge distributions and decay 
probabilities, but also the behaviour 
of high-energy photon reactions. 
Starting in 1964 with the first system
atic study of rho photoproduction, 
striking similarities between photon-
and hadron-induced processes were 
found, underlining the value of the 
VMD picture. 

(In 1965, Harvard's Frank Pipkin 
reported a possible violation of 
quantum electrodynamics, hitherto 
an unchallenged theory. At the DESY 
synchrotron, a team under the young 
Sam Ting checked this out in an 
experiment studying the production 
of heavy photon-like particles in the 
interactions of high energy photons 
with nuclei. They found that every
thing was in order and the theory was 
still good. Physicists breathed a sigh 
of relief. 

However this showed the impor
tance of heavy photon-like particles, 
and eventually led to the discovery in 
the 1970s of the J/psi and upsilon 
families, bound pairs of quarks and 
antiquarks.) 

Meanwhile the 'breakdown' of VMD 
came in the late 60s, when more 
detailed experiments showed that 
VMD accounted for only about 80% 
of what was seen in photon-proton 
collisions. Also electron-positron 
collider experiments revealed that the 
photon's hadronic structure is consid
erably richer than a simple 
superposition of rho, omega, and phi. 

This follows because the production 
of hadrons in electron-positron 
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Electron-nucleon scattering through photon 
exchange (left), and its view as seen by 
generalized vector dominance (centre) and the 
quark-parton model (right). 

collisions proceeds via annihilation of 
the electron-positron pair into a 
virtual (transient) photon which in 
turn decays into hadrons. The 
hadronic states seen at electron-
positron colliders are precisely those 
into which a photon can fluctuate. 

The first theoretical attempt to 
include the effects of additional 
photon constituents led to general
ized vector-meson dominance 
(GVD), with specific models of the 
heavier states. These states easily 
supply the missing (about 20%) 
contribution to the photon-proton 
rate. 

While the original VMD picture 
predicted a photon-proton rate that 
was too low, the problem with GVD is 
how to suppress effects due to the 
abundant heavier states. This is 
'solved' by demanding that the 
interaction probability of a high mass 
component decreases with increas
ing mass. 

Because the spectrum of electron-
positron annihilation into hadrons 
falls off relatively slowly with increas
ing hadronic energy (in fact as its 
square), the total probability of the 
hadronic component of the photon 
increases (logarithmically) with 
energy, and so diverges! Thus the 
photon is not a simple composite of 
its constituents in the sense that a 
nucleus is a composite of nucléons. 
This expected increasing probability 

of finding hadronic material in the 
photon has been observed in elec
tron-photon scattering. 

To understand the results, consider 
first the 'classical' electron scattering 
experiment, electron-nucleon scatter
ing. This is mediated by a virtual 
photon and is characterized by two 
variables. These may be taken as the 
photon energy, and the squared 
momentum transfer, Q 2, between the 
incident and the scattered electron 
which measures the virtuality of the 
photon. 

At low Q 2 , VMD's principal qualita
tive feature - providing the photon 
with a hadronic structure - remains 
valid. The virtual photon-proton 
subprocess can be described as a 
superposition of meson-proton 
scatterings if the photon-meson 
couplings decrease as 1/Q2 at 
large Q 2 . 

Such a decreasing probability of the 
photon to fluctuate into vector-
mesons is in fact expected. The 
uncertainty principle says that the 
probability of a photon interacting 
hadronically increases with the 
photon energy but decreases with Q 2 . 

Rather than falling off with Q 2 as 
expected in VMD, inelastic electron 
scattering was found to be surpris
ingly large. The most striking feature 
of the pioneer 1969 data at Stanford 
(SLAC) was 'scaling': when the 
photon becomes highly virtual (large 

Q 2), the underlying equations be
come much simpler and the outcome 
just 'scales', with the reaction charac
terized by a dimensionless variable. 

Though GVD could be fine-tuned to 
get rid of its strong Q 2 dependence 
(and describe the observed depend
ence on photon polarization), there is 
a much more natural explanation. 
Rather than interacting via its 
hadronic component, the photon 
ultimately (very high Q 2) becomes the 
pointlike (structureless) bare photon 
neglected by VMD or GVD. 

The measurements are then under
stood by picturing the nucléon as 
made of pointlike objects - partons. 
Electron-nucleon scattering at large 
Q 2 is thus the sum of (virtual) photon-
quark scatterings, the dimensionless 
scaling variable being the momentum 
fraction of the nucléon carried by the 
struck quark. 

The photon-quark coupling found in 
electron-nucleon scattering allows 
also a simple interpretation of elec
tron-positron annihilation into 
hadrons at high energies: the virtual 
photon created in the annihilation 
splits into a quark-antiquark pair 
which in turn produces the observed 
hadrons. 

Just as proton structure is meas
ured by probing with an electron 
beam, so can that of the photon. 
Such experiments were carried out in 
the 80s at successive generations of 
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The report earlier this year (June, page 1) from 
the CLEO experiment at Cornell's CESR 
electron-positron collider of this unconven
tional B decay underlined the important of 
subtle effects involving heavy quarks. 

electron-positron colliders - Petra at 
DESY, PEP at Stanford, later VEPP-
4 at Novosibirsk, then TRISTAN in 
Japan and most recently LEP at 
CERN. 

The next article will cover what has 
been learnt from this physics, and 
what we hope to learn from future 
measurements so that we can 
eventually understand the detailed 
behaviour of one of the 'simplest' of 
the elementary particles. 

By Gerhard Schuler 

Heavy on flavour 

The Standard Model makes physics 
look neat, with its six quarks paired in 
three 'generations', each quark pair 
partnered with a lepton and its 
corresponding neutrino. 

The first generation of 'up' and 
'down' quarks, partnered with the 
electron and its neutrino, describes 
the familiar world around us. But the 
Standard Model says that the two 
generations of heavier quarks -
strange and charm (partnered with 
the muon and its neutrino), and 
beauty and top (with the tau lepton 
and its neutrino) - while less visible 
from our everyday viewpoint, are no 
less important for physics. 

The International Symposium on 
Heavy Flavour Physics, held at 
McGill University, Montreal, from 6-
10 July, showed how the intricate 
physics of heavy quarks and leptons 
is steadily being unravelled and how 
these unusual processes are helping 
to fill up and refine all parts of the 
Standard Model. 

Instead of being an obscure corner, 
the once difficult-to-get-at physics of 

heavy quarks and leptons now forms 
an essential part of today's science. 
In some cases measurements in this 
sector are attaining, and even sur
passing, the level of precision at
tained in the conventional corner 
populated by up and down quarks 
and the electron and its neutrino. 

The standard six-quark picture is 
described, but not explained, by the 
(Cabibbo-Kobayashi-Maskawa -
CKM) matrix of quark decay param
eters. The elements in this matrix 
cannot be predicted and have to be 

measured, but the pattern of the 
matrix gives some interconnection. 
Once some elements are known, 
others can be related. A recurring 
theme in the meeting was repeated 
attempts to improve existing meas
urements of CKM parameters or to 
get at new ones, in the hope that this 
would turn up some new Standard 
Model clue. 

With the orthodoxy of the Standard 
Model, heavy flavour has therefore 
become a major physics preoccupa
tion. Theorists have developed new 
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