
Living in large experiments 
EC FA report 

linear electron-positron collider looks 
more formidable. Despite a large 
number of international workshops, I 
have not seen much convergence of 
ideas over the past six years. With 
everybody following their pet idea, it 
is hard to see how an international 
collaboration can be formed and 
approval obtained. 

Part of the problem might be that 
linear collider studies have not yet 
matured to the degree where a 
proposal can be written. We may 
have to wait until detailed technical 
specifications and in particular prices 
become more concrete before ideas 
and designs can merge. Such con
vergence has to happen before 
international consensus can be 
reached. Its basis, I believe, must be 
proven technology and economics. 
As long as these two aspects cannot 
be substantiated by hard facts and 
numbers, one cannot write a pro
posal, let alone get it approved. 

I very much hope that such an 
international consensus can soon be 
found. I remain fascinated by this 
science, even if the gap between 
machine physics and the latest 
theoretical ideas like superstrings 
seems to diverge and the energies 
needed to verify a 'final' theory seem 
unattainable. There are important 
open questions to answer within the 
energy range within reach in the next 
decade. As long as the field contin
ues to attract bright and motivated 
young people, then we have no 
cause for concern. 

How big is a physics research group? A survey 
on the sociology of large experiments carried 
out by the European Committee for Future 
Accelerators (ECFA) gives a detailed answer -
a) is the number of physicists, b) students, c) 
technicians, and d) students per physicist. 

T he European Committee for 
Future Accelerators (ECFA) 

plays an important role in shaping the 
physics programme in Europe, 
especially around major facilities 
which attract increasingly large 
numbers of users. How happy are 
physicists working in these scientific 
Towers of Babel? Apart from making 
physics discoveries, what are their 
requirements? Following a sugges
tion of CERN Director General Chris 
Llewellyn Smith, to provide an 
updated answer to these questions 
ECFA Chairman Gunter Flugge 
initiated a survey on the sociology of 
large experiments. It fell to Bjarne 
Stugu of Bergen, as the youngest 
member of ECFA, to lead an ECFA 
subcommittee to carry it out 

A similar ECFA survey, carried out 
back in 1979/80, was influential in 
preparing infrastructure and thinking 
for the LEP experimental pro
gramme. 

In the past 20 years, high energy 
physics collaborations have grown 
from typically 20 persons at fixed 
target experiments to around 500 for 
current major detectors at large 
colliding beam facilities. 

The high complexity and cost of the 
two general-purpose experiments for 
the LHC require even larger collabo
rations, approaching 1500. With 
these two experiments alone -
ATLAS and CMS - absorbing a 
considerable fraction of the entire 
high energy physics community, it is 
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timely to review the organizational 
and sociological aspects of large 
experiments. 

ECFA recently sent a questionnaire 
to research groups involved in large 
collaborations in LEP (CERN), HERA 
(DESY) and the LHC (CERN). Each 
group leader was asked to reply, but 
to get a balanced view, a younger 
member of the group was also 
requested to return the form. The 
replies were anonymous. 

The questionnaire was distributed 
to as many groups as possible, and 
182 forms were returned. 90 replies 
from people working at LEP, where 
the four experiments include 159 
groups, corresponds to a response 
rate of 28.3% with two forms re
turned. Similarly, 48 replies from the 
87 institutions participating in the two 
main HERA experiments gives a 
response of 27.5%. The number of 
physicists per group is typically 
around 7, including about 5 students. 

Publication 

Current publication practice is to 
credit all members of the collabora
tion in alphabetical order. When 
these author lists become long it is 
difficult to assess the work of an 
individual by consulting 'his' list of 
publications. About 70% of the 
replies find this unsatisfactory and 
want to do something about it. Of 
these replies, around 80% think that 
the present system creates difficul
ties in giving proper credit for work 
done, and in promoting candidates 
for positions. 

Of those wanting a change, about 
75% favour putting increased weight 
on internal notes and reports. Around 
40% propose schemes where the 
author lists are limited to parts of the 
collaboration, e.g. to an analysis 

team. Among other suggestions, the 
most frequent include ordering author 
names by importance of contribution, 
or highlighting the names making the 
most important contributions. 

Other suggestions include citing 
everyone for the first three years and 
then move to more restricted lists -
an inter-experimental LHC note 
series, for example. One person 
remarked that as publications are for 
the transmission of scientific results, 
long author lists do not provide 
information and could be omitted. 

On the other hand many replies 
conclude that there is no feasible 
alternative to the present practice of 
a full 'author' list. Funding is depend
ent on the number of people in the 
collaboration, so long author lists are 
inevitable for large experiments. 
Other replies point out that it would 
be unfair to restrict author lists, since 
many people must devote a lot of 
time to tasks which, although vital, do 
not directly produce results. 

Long experiments 

The construction and operation of 
large detectors require massive 
manpower. During the long construc
tion phase, there is no possibility for 
physics analysis. Data taking lasts 
many years. 

The survey shows emphatic support 
for technicians, students and physi
cists all taking active part in the 
operation of the detector. This is the 
only way to obtain the necessary 
understanding of the detector. 

The long timespans involved may 
also affect the recruitment of stu
dents. 40% of replies report difficul
ties in this sector, however this reply 
was highly country-dependent, with 
recruitment apparently more of a 
problem in some of the smaller 

countries. Bleak career prospects are 
thought to be a dominant cause of 
low recruitment. There was some 
indication that this problem has more 
serious implications for the future 
experiments at the LHC than for 
those presently operating at LEP and 
HERA. 

It does not seem too difficult to 
recruit students for hardware-ori
ented subjects. However half of the 
replies recommend, given the possi
bility, to allow students to do some 
analysis work within a suitable 
experiment in parallel with hardware 
work for another. 

The idea of letting students focus 
on physics by keeping them away 
from hardware is strongly 
disfavoured. Instead, many recom
mend that technical subjects should 
be acceptable for PhD theses, 
already current practice in many 
institutes. 

Use of group resources 

About 27 % of physicists feel they 
spend too much time away from 
research work, hindering active 
involvement in research. This com
plaint is independent of the size of 
the group. About 75% of replies 
report that technical personnel and 
students function well within the 
group. 

Although the high fraction of group 
leaders suggests a risk of bias, the 
answers show no age dependence. 
At the same time 4 1 % of the replies 
indicated a problem in at least one of 
the three categories of personnel 
(physicists, students or technicians), 
so there is clear room for improve
ment. 

Although networking has improved 
working conditions, communication 
problems still exist and the distance 
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from the home institution to the 
Laboratory is a major obstacle. With 
high travel costs, this can be a 
financial problem. Lack of communi
cation can be a general problem, 
either within the group or within the 
collaboration. 

Many of those satisfied with how 
their group functions commented that 
good organization and leadership is 
vital, as is good flow of information. 
Some also stress that parallel hard
ware and analysis activity pays 
dividends. 

Group size also plays a role. Big 
groups may be hard to organize, and 
pose problems for individuals. How
ever, a minimum size is necessary to 
take on meaningful tasks and to 
provide motivation. 

Conclusions 

There is much dissatisfaction with 
long author lists. Many alternatives 
were suggested, but it seems difficult 
to reach a consensus on how the 
current practice could change. 
Calibration and operation of the 
detector will always require the active 
and devoted participation of particle 
physicists. Because of this major 
effort, it would be unfair and danger
ous to restrict author lists. 

The use of internal notes is recom
mended to overcome some of the 
problems of long author lists. How
ever the quality of these notes should 
be assured by internal refereeing 
within the collaboration. 

While the questionnaire was not 
explicit in asking who should take 
part in construction, it is widely held 
that this phase requires devoted 
commitment from physicists and 
students. The ECFA report recom
mends that technical topics should 
be acceptable for a PhD thesis, 

ensuring at the same time a bal
anced physics education. If the group 
participates in experiments at differ
ent stages of evolution, one way is 
for the thesis to contain two topics; 
analysis from one experiment and 
hardware studies from another. 

The recruitment of students ap
pears to be a serious problem in 
some countries and could also be a 
little harder for LHC experiments than 
for existing studies, but firm conclu
sions cannot be drawn. Although 
some students will hesitate at PhD 
topics which concentrate on hard
ware, this is not what causes the lack 
of students. It is more the poor career 
prospects in some countries which 
deter students from high energy 
physics. The marked differences in 
recruitment between different coun
tries probably reflect the job pros
pects in that country. The satisfactory 
student recruitment in many coun
tries demonstrates that there is no 
underlying lack of interest. 

Questioning on the effective use of 
personnel shows how well the group 
functions within the collaboration. 
Overall, personnel adapt well. How
ever 4 1 % of the replies indicate that 
this could be improved, for at least a 
subset of the group members. An 
agreeable working atmosphere and a 
well organized group is important, 
especially for younger researchers. 

A large collaboration certainly 
appears intimidating. This requires a 
continuous effort towards improving 
conditions, on the part of the collabo
ration and of the host Laboratory, as 
well as the component group. At the 
group level is helpful to have some 
connection between its hardware, 
software and analysis contributions. 

If all this works smoothly, then all 
collaboration members should feel 
comfortable. 

The Quantum Theory of Fields 
Volume 1: Foundations by Steven 
Weinberg, Cambridge University 
Press, 1995, ISBN 0 521 55001 7 

S teven Weinberg is celebrated for 
his many contributions to quan

tum field theory and its applications 
to elementary particle physics - most 
notably, for developing the 
electroweak theory, the unified model 
of the electromagnetic and weak 
forces that forms part of the Standard 
Model that has explained essentially 
all accelerator data on the behaviour 
of elementary particles. This is the 
culmination of the developments in 
quantum field theory that started in 
the early days of quantum mechanics 
and came to maturity with the devel
opment of quantum electrodynamics 
in the late 1940s. 

Quantum field theory is the basic 
theoretical framework for research in 
particle physics as well as in many 
areas of condensed matter physics. 
No wonder the community has been 
waiting with anticipation for 
Weinberg's exposition of the subject 
in the form of a two-volume textbook 
- the more so since, despite the 
existence of many textbooks, few of 
them are written with the insight and 
detail that are needed for a thorough 
understanding. The community will 
not be disappointed, at least on the 
basis of this first volume - Volume 2 
is due to appear next year. Volume 1 
is 600 pages of meticulous exposition 
of the fundamentals of the subject, 
starting from a historical introduction 
and the canonical formulation of 
quantum field theory to modern path 
integral methods applied to the 
quantization of electrodynamics and 
a first discussion of renormaiization. 
In addition to a superb treatment of 
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