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recent meeting of the European 
Committee for Future Accelerators 
(ECFA) in Dortmund, continuing the 
ECFA tradition of holding regular 
meetings in national centres. (A 
separate meeting will be scheduled 
for the DESY Laboratory, Hamburg, 
where as well as the major pro
gramme based on the HERA elec
tron-proton collider and neighbouring 
installations, the integration of the 
former East Germany has brought 
the Zeuthen Laboratory in former 
East Berlin into the DESY fold.) 

A recent survey of the German 
Physical Society showed that there 
are some 900 active German experi
mental particle physicists, some 2/3 
of whom work at CERN. Of these, 
the largest contingent (230) works at 
the LEP electron-positron collider. 

The numbers have considerably 
increased over the past decade. As 
well as increased interest and higher 
student numbers, this follows from a 
reorientation of some research lines. 
With the increasing awareness of the 
role of the quark and gluon constitu
ents of nuclear particles in the 
broader aspects of nuclear physics, 
heavy ion research, once part of the 
nuclear physics scene and with a 
sizeable community in Germany 
through the Darmstadt GSI Labora
tory, has found a new focus. After 
LEP, the second largest contingent of 
German physicists at CERN -140 - is 
engaged in heavy ion experiments. 

At DESY, the 260 German physi
cists who carry out their research atr 
the HERA collider are among a total 
of 800 users, showing that the HERA 
programme has wide appeal. In 
Germany, international physics 
collaboration means not only CERN 
but also DESY. 

Funding is split fairly evenly be
tween CERN (195 million Swiss 
francs per year) and DESY (185 

million Swiss francs equivalent -
federal funding accounts for 90% of 
DESY's budget, the remaining 10% 
coming from regional government). 
Some 21 MSFr of federal physics 
spending goes into university-based 
research, also funded by regional 
governments. Additional resources 
come from the Max Planck 
Gesellschaft. 

From 1982-92, the decade of HERA 
construction, Federal German fund
ing for particle physics grew from 0.2 
to 0.28 per mil of GNP. It has subse
quently declined to 0.18 per mil. 

With the major Zeus and H1 experi
ments at HERA now completed and 
in operation, attention is turning 
towards the major detectors to exploit 
CERN's proposed LHC proton-proton 
collider. 21 of the 22 German univer
sities involved in particle physics are 
now active in LHC work. Detector 
components for high radiation and 
counting rates are being developed 
in Aachen, Bonn, Dortmund, 
Freiburg, Hamburg, Heidelberg, 
Karlsruhe and Wuppertal. Tracking 
work for heavy ion collisions is 
underway in Darmstadt, Giesen, 
Frankfurt and Munich, muon cham
bers are being developed at Aachen, 
Freiburg, Munich (MPI and Univer
sity) and Siegen, calorimeters at 
Aachen, Heidelberg and MPI Munich, 
triggering and data acquisition at 
Aachen, Heidelberg, Jena, 
Mannheim, Munich and Zeuthen, 
and beam extraction by crystals in 
Stuttgart. 

At HERA, the results now emerging 
from Zeus and H1 studies provide 
valuable insights into the quark and 
gluon content of composite particles 
in unexplored kinematical territory. 
New HERA projects still in the 
pipeline include the Hermes experi
ment using a polarized gas jet target 
and a polarized electron beam to 

look at the spin dependence of quark 
and gluon structure, while there is 
also interest in exploiting HERA's 
proton beam for B physics, continu
ing the heavy quark physics theme 
which had been prominent at earlier 
DESY machines. 

Germany's illustrious physics tradi
tion is also reflected in the 200 theo
rists in 24 universities, with strong in
volvement in phenomenology. 

The high proportion of German 
students' work carried out in large 
collaborations makes for valuable 
experience outside the realm of pure 
science and is beneficial in subse
quent careers in industry and com
merce. At the ECFA meeting, Helmut 
Hufnagel from H1 at DESY gave 
thoughtful presentation of the current 
scene as seen from a student's point 
of view. 

While the Dortmund ECFA meeting 
painted an impressive picture of 
German science, the preoccupation 
of this powerhouse nation with major 
political and economic themes could 
not be forgotten. 

Linear colliders for 
photon collisions 

T he enthusiasm of the first inter
national workshop on photon-

photon colliders and associated 
physics, held at the Lawrence 
Berkeley Laboratory from 28 March -
1 April, could have set a ball rolling. 

According to proponents of this 
physics, the particle physics one can 
study with a high energy linear 
collider is special and complements 
that of a hadron supercollider. 

They say that to be most effective, 
this collider should give from the start 
electron-positron, electron-photon, 
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Principle of the photon-photon collider. Laser 
beams are fired into the path of high energy 
electrons, producing gamma rays which are 
pushed forward by the high electron energies. 
Recoil electrons can be magnetically swept 
aside. Using one laser rather than two gives 
an electron-photon collider. 

and photon-photon collisions. The 
physics capabilities and systematics 
of the different modes are often dif
ferent and unique. The study of both 
electron-photon and photon-photon 
collisions would provide unique ac
cess to some areas of fundamental 
physics, together with some useful 
overlap with measurements from 
electron-positron collisions. 

Initial studies and working group 
results have revealed no show-
stoppers - these different types of 
colliders are within technical reach. 
Therefore even the first conceptual 
design of a linear collider should 
include multiple interaction regions, 
with one dedicated to electron-
photon and photon-photon collisions. 
With electron-positron, electron-
photon and photon-photon colliders 
the same except for the interaction 
region, the incremental cost of 
adding photon collisions at one of the 
interaction regions is relatively small. 

While the various forms of linear 
colliders all require extensive R&D, 
that required for electron-photon and 
photon-photon colliders is no more 

difficult or technologically risky than 
that for an electron-positron collider, 
and should be integrated immediately 
into present programmes. 

This R&D has both immediate and 
long term aspects - detectors and 
masking, high power lasers including 
free-electron lasers, special final 
focus components, bright sources of 
polarized electrons, and high power, 
low-loss optical components. 

The Stanford SLC could provide a 
realistic testbed for a higher energy 
photon-photon collider and, further
more, would give interesting new 
physics - many of the problems faced 
by developing detectors, the final 
focus geometry, and high power 
lasers for SLC-II are almost the same 
as those for a higher energy collider, 
and the cost-effective upgrade of the 
SLC to allow for electron-positron, 
electron-photon and photon-photon 
collisions will provide an opportunity 
too good to miss. 

The Workshop identified R&D that 
should be initiated immediately - the 
development of free electron lasers, 
experiments in the SLC final focus 

area, development of a low-rep rate 
collider at SLC, and implementation 
of a high-rep rate, high luminosity 
photon-photon collider at SLC. 

Photon-photon physics goals 

The quark-gluon structure of the 
photon is a fundamental and largely 
unresolved area of investigation. 
Clearly the electron-photon collision 
option would provide a powerful tool 
for these studies. Photon-photon 
collisions would allow studies of the 
top quark threshold region that would 
complement electron-positron colli
sions. Here unique measurements 
are possible using polarized photon 
beams: large circular polarization will 
allow direct observation of toponium 
angular momentum states not acces
sible in electron-positron collisions, 
while with linear polarization it may 
also be possible to make very sensi
tive measurements of the strong 
coupling constant. Study of W boson 
pair production in photon-photon 
collisions provides the most sensitive 
tests for anomalous interactions of 
these particles, while the photon-
photon option also provides some 
unique advantages for higgs studies. 

Cosmology in 
miniature 

T he high energies of particle 
collisions recreate conditions 

similar to those a tiny fraction of a 
second after the Big Bang. Clues 
from these collisions help reconstruct 
how the infant Universe was 
moulded. 

One cosmic possibility, suggested 
in the 1970s by Yakov Zeldovich, I. 
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