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growth of dislocation-free atomically flat quantum structures,
which are crucial for the development of high power DV and blue
lasers.
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A Fig. 1: Dislocations in GaN crystals and layers: a) plastic
indentation of high pressure grown GaN single crystal by a
diamond pyramid - the dislocations revealed by selective etching
surround the hole left by the pyramid [9];
b) cathodoluminescenceof this GaN crystal- the black band
proving that dislocation related nonradiative recombination
quenches the optical emission; c) selective etching ofGaN layer
grown on a high pressure GaN single crystal; d) selective etching
of GaN layer grown on a GaN template deposited on sapphire.
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Why dislocations are detrimental to high power
semiconductor lasers
Dislocations can cause deterioration in the operation ofquantum­
well based optoelectronic devices mainly by three mechanisms:
a) by serving as nonradiative recombination centers for electrons

and holes leading to heat generation instead of optical emission
b) by introducing fast diffusion along the dislocation lines, smear­

ing out quantum wells and p-n junctions
c) by disturbing the epitaxial growth, so that atomically flat struc­

tures cannot be obtained.
It turned out that GaN based devices are much more tolerant of

the presence of dislocations than classical devices based on GaAs.
In these new devices, efficient photo- and electro-Iuminescence
was observed even in materials having dislocation densities as high
as 106 - 109 cm-2. For GaAs devices nonradiative recombination
related to such high densities of dislocations would quench lumi­
nescence almost totally. The effective electro-Iuminescence was
observed for GaN devices with quantum wells containing In
(InxGal-xN with x between few to 30at% of indium). Nakamura
explained this effect as the result ofpotential fluctuations caused by
In segregation, which limits the diffusion length of holes and
diminishes dislocation-related nonradiative recombination [8].
From the Nakamura model one can draw two conclusions: i) the
presence of dislocations can be detrimental to the efficiency of
devices working on a very high level of excitation of carriers such

S. Porowski, 1. Grzegory, S. Krukowski, M. Leszczynski, P. Perlin,
and T. Suski
High Pressure Research Center, Warsaw, Sokolowska, Poland

Blue lasers on high
pressure grown GaN single
crystal substrates

D evelopment ofblue and near DV semiconductor light sources
has attracted the attention of researchers for several decades.

In the sixties, GaN (gallium nitride) and its cousins AlN and InN
were already known to be ideal candidates for blue and DV semi­
conductor light-emitting diodes (LEDs) and laser diodes (LDs).
The competitors were zinc selenide based alloys. In the seventies
and eighties, the development of ZnSe based LEDs and LDs put
that compound much ahead of GaN. In the seventies the develop­
ment of nitride physics and GaN devices was almost stopped
because of two main barriers: the first that the p-type doping
method was unknown; and the second that suitable substrates were
lacking that would allow the growth of low dislocation-density
quantum structures by metal organic vapor-phase epitaxy
(MOVPE) and molecular beam epitaxy (MBE).

These barriers were overcome in the early nineties, when
Amano,Akasaki [1) and Nakamura [2] discovered p-type GaN
doping by Mg and developed the low-temperature buffer layer
that lowered the concentration of dislocations in nitride epitaxial
layers from 1012 to 106 cm-2.The development of the high nitrogen
pressure solution growth (HNPSG) method (3) was the impor­
tant step, which allowed growth of the first dislocation-free GaN
epitaxiallayers and quantum structures both by MOVPE (4) and
MBE (4). That made it possible to determine many basic physical
properties of GaN [5]. These material science achievements and
the fact that, in contrast to short lived ZnSe based devices, the
nitride based structures remain stable during long laser operation,
resolved the ZnSe vs GaN competition. Successful commercializa­
tion of blue diodes by Nichia Ltd. and construction of the first
blue laser diode by Nakamura in 1996 [6] made GaN based tech­
nology the unique solution for blue and DV semiconductor laser
diodes of the future.

Despite some progress in reduction ofthe dislocation density by
ELOG (epitaxiallateral overgrowth) technology, the mainstream
development effort based on sapphire was slowed down in the late
nineties by the lack ofprogress in reducing the dislocation density
below 107 cm·2• The new possibilities were opened by the liftoff
technology [7] in which the GaN layer is separated from the sap­
phire suhstrate and then is used as a freestanding GaN substrate.
This technology is sophisticated and expensive, however it gives
GaN substrates with dislocation density about 106 cm-2and
reduces thermal stresses in devices. Such two-inch substrates are
already available and they serve for construction ofblue lasers of a
power ofhundreds ofmiliwatts.

We have chosen the alternative way to construct high power
lasers. We use lattice matched GaN substrates of low dislocation
density, grown by the HNPSG method. The method provides rela­
tively small substrates, about 1 cm2in size but, as will be shown,
ultra low dislocation density (below 102cm,2) allows for easier
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~ Fig.2: AFM picture of
the surface of GaN layer
deposi,ted using MOVPE:
a) layer grown on high
pressure GaN substrate;
b) layer grown on GaN
template deposited on
sapphire substrate.

obtained in the same growth process. As is seen, low dislocation
density material has regular straight and parallel atomic steps (Fig.
2a) while material on the template with a five order of magnitude
higher dislocation density shows irregular steps with visible dislo­
cations at the ends of the steps (Fig.2b). Regular step-flow is a
prerequisite for obtaining atomically flat quantum wells.

As mentioned above, the dislocations in high power LDs
shouldbe avoided. Dimensions of the active part ofa typical device
are 5-20 fl x 500 fl' which correspond to the area 2.5-10 x 10-5 cm2•

Thus the dislocation density below 104 cm-2 is mandatory for man­
ufacturing the dislocation-free devices. As will be demonstrated in
the next Section,high-pressure grown GaN crystals have a disloca­
tion density much below this limit and create possibilities to
growth epitaxial structures for such devices..

Substrates - thermodynamics and crystal growth
The GaN binding energy, equal to 9.12 eV/atom-pair, is quite
high. For comparison GaAs has a binding energy equal to 6.5
eV/atom-pair. Therefore, as shown in Table 1, the GaN melting
temperature is much higher than these for typical semiconductors
used in electronics, such as Si, GaP or GaAs.

2500 2250 2000 1750 1500 1250
100000 c-r-,-~-r-~--,--"----r---'------:

as high power laser diodes when the kinetic energy of carriers
exceeds the potential barriers created by In segregation; ii) nonra­
diative recombination due to the presence of dislocations may be
especially harmful for devices without indium (for example UV
devices based on GaN/GaAlN quantum wells). This was the reason
whywe have concentrated our efforts towards construction ofhigh
power blue lasers and UV devices.

As evidence that the dislocations quench almost totally the
luminescence in GaN not containing indium, we show the catho­
do-luminescence measurements. In Fig la we present GaN grown
on high-pressure grown substrates where dislocations were
induced by plastic deformation using indentation. In Fig 1b, the
dark visible lines are caused by nonradiative recombination on dis­
locations introduced by plastic deformation. [9].

The effects related to mechanisms (b - diffusion along disloca­
tions) and (c - disturbing epitaxial growth) are also important for
the reliability of devices. For instance, in both MOVPE and MBE
technologies, the most important growth mode is the step flow. Fig.
2 compares the surface morphology of GaN layers deposited on
high-pressure GaN substrates and on a GaN/sapphire template,

crystal TM,K pM,bar.

Si 1685 <1
GaAs 1510 15
GaP 1750 30

GaN - [10] 2493 -60000

Even more important is the fact that the binding energy ofa N2mol­
ecule is extremely high, equal to 9.72 eV/molecule, which is the
highest binding energyofall diatomic molecules [11]. In addition, the
enthalpy of evaporation of liquid gallium is relatively
high, equal to 2.81 eVlatom [11]. Despite high bonding energy
of GaN, the balance of the GaN synthesis reaction:
Ga(l) + (l/2)N2(g) ~ GaN(s) is strongly shifted towards the con­
stituents: liquid Ga and gaseous N2•This fact has extremelyimportant

... Table 1: Melting conditions of some elemental and Ill-V
semiconductors

GaN

temperatu18,K

Ga+1/2Nz

20 kbar - - - - - - - - - -

~ 10000 /

~ pressure limit
ill of 20 kbar

~ 1000
a.

100 L.-~_...L-~_-'-_~---'--''-'---'

0.0004 0.0005 0.0006 0.0007 0.0008
11T,1(1

.... flg,,1.; p-T equilibrium curve for the GaN~ Ga(l) +(1/2) N2(g)
reaction [14].

... Fig. 4~ a) The high-pressure apparatus, constructed in HPRC for
crystallization of GaN.The maximum working pressure is 15 kbar,
the maximum temperature-1600°C, the internal diameter-lOO
mmjb) GaN crystals grown from solution at high N2 pressure.The
grid size is 1mm.
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consequences for GaN crystallization because GaN becomes unsta­
ble athigh temperatures at the normalpressure ofnitrogen.As shown
in Table 1, the equilibrium nitrogen pressure for GaN at its melting
temperature is close to 60 kbar [10]. That pressure is inaccessible for
large-volume high-pressure apparatus, thereby rendering impossi­
ble the growth ofGaN from stoichiometric melt as used in standard
Cwchralski [l2] or Bridgman [13] methods. Ithas to be crystallized
by methods allowing lower temperatures and pressures, from which
the solution growth seems to be the best choice.

The method known as high-nitrogen-pressure-solution-growth
(HNPSG) is a practical realisation of the GaN synthesis reaction
[4]. The HNPSG method relies on a high pressure of nitrogen,
which allows an increase in the growth temperature of GaN. The
pressure-temperature diagram of GaN stability is shown in Figure
3 [14].

At present, GaN single crystals are obtained in high-pressure gas
vessels, that allow working nitrogen pressures up to 20 kbar. These
vessels have internal diameters up to 10 cm and volumes up to 4500
cm3• The crystal growth system is equipped with an internal fur­
nace with graphite multi-zone heaters that allowthe temperature to
be changed in the two-inch crucible. A view of the high-pressure
apparatus is presented in Figure 4a [4].

Growth ofGaN proceeds via three consecutive stages: dissolution
of nitrogen in liquid gallium, transport of nitrogen in the liquid by
convection and diffusion and crystallization in the cold zone. The
mechanism of the dissolution of the nitrogen in the liquid gallium

was investigated using quantum mechanical calculations [15]. As
shown in Figure 5 the nitrogen molecule undergoes dissociation at
the gallium surface and then single nitrogen atoms are dissolved in
gallium. The calculated energy barrier for N2 dissociation is 3.4 eY.
The barrier is much smaller than the Nz binding energy (9.72
eV/molecule), indicating that the liquid Ga surface exerts a strong
catalytic influence that speeds up the Nz dissociation and dissolu­
tion. After dissolution, the atomic nitrogen is transported to the
cold end where the GaN crystal grows from nitrogen rich gallium.
The growth of large size good quality GaN crystals requires pre­
cise pressure and temperature control during the process.

Due to hexagonal symmetry of its crystallographic wurtzite
structure, GaN crystals grown by the HNPSG method usuallyhave
the form of hexagonal platelets. The large hexagonal surfaces of
bulk GaN crystals correspond to {OOOI} polar crystallographic
planes. Conventionally the Ga-side denoted as the {OOOI} surface is
the one that is used for epitaxy. The side faces of the crystals are
mainly the polar {I0-11} and also non-polar {I0-1 O} planes [4].
The crystals in the form ofhexagonal platelets grow slowly, with a
rate below O.lmmlh into {l010} directions (perpendicular to the c­
axis). The growth is strongly anisotropic being much slower (about
100 times) in directions parallel to the c-axis. Typical duration of
the growth processes is 120 - 200 hours, which gives a crystal with
linear size up to 20 mm. These crystals have usually perfect mor­
phology suggesting stable layer-by layer growth. One of these
crystals is shown in Fig. 4b.

The high quality of these crystals has been proven by several
methods including x-ray diffraction, transmission electron
microscopy (TEM), atomic force microscopy (AFM) and selective
etching. The typical picture of selective etching ofboth GaN layers
on GaN single crystals and on sapphire is shown in Fig. le and d,
respectively. Typical high quality high-pressure grown GaN single
crystals have a dislocation density not higher than lOzcm-zwhile
the best quality GaN layers on sapphire have above 107 cm-z [4].

Epitaxy
The structure of GaN homoepitaxiallayers follows the structure
of the GaN substrates provided that the surface preparation tech­
nique and the conditions of the epitaxial growth are properly
chosen [17]. As shown before in Fig 2, the atomic step flow on the
surface of the homoepitaxiallayer is not perturbed and new dislo­
cations are not created. However ifwe continue to grow layers of
AlGaN and lnGaN, as necessary to obtain a blue laser structure, the
lattice mismatch between GaN and those ternary layers can

.. 8g. 5: Electronic
charge distribution for the
Nz molecule and 19 Ga
atom c1uster,obtained
from quantum
mechanical calculations:
a) d=2.6 A,b) d =1.6A,
c) d = 1.0 A[15]; d­
denotes the distance
between the molecule
and the Ga surface.

d= l.6A

d= l.OA

d=2.6A

(c)

(a)

(b)

L
}

1000.1

b - courtesy ofM. A1bm:hl

... Fig. 6: Critical conditions for lattice relaxation for III-N
ternaries: a) X-ray data: open circles - AIGaN relaxed, open squares
- AIGaN strained, filled squares -lnGaN strained, open squares­
InGaN relaxed, b) TEM image ofthe l)1ultilayer structure deposited
on GaN substrate by MOCVD, the sequence of layers from the
lower left corner:n-GaN, n-Alo.l1Gao.89N/n-GaN superlattice, n-GaN,
InO.09GaO.91 N, p-GaN, p-Alo.14GaO.86N/p-GaN superlattice, p- GaN.

p--GaN ($Onau .foJ

p-GaNfp-AI."GaN
~.!(, l.' 26lj- KO Sl

In....G.N 1I...~GaN:lltg
(.04~L/80L}·5 MQW

bulk n--GaN

... Fig. 7: Structure ofGaN laser.
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measured under pulsed current conditions (30 ns pulse length, 10
kHz repetition, room temperature). The maximum optical power
per mirror was 1.3 W. Because of the symmetric coating, the total
optical power can be stated to exceed 2.5 W, which makes this the
largest optical power reported for nitride lasers [20].

The devices were life tested under constant current conditions
and variable temperatures in the range of 35-70°C. The lifetime
usually is defined as a time after which the optical power of the
device (at constant current) decreases down to 50 % of its initial
value. Accelerated tests predicts a lifetinle approaching 10 000 h
have been performed at the following conditions: current 1A, fre­
quency 100 kHz, pulse length 30 ns. The activation energy of the
degradation processes was estimated to be 3.2 eV, similar to the
value determined by Sony. No chmge in electrical properties ofthe
devices was observed during aging. The mechanism oflong-term
degradation still remains undetermined.

Summary - present status and the future
Despite the big commercial success ofblue and green LEDs based
on (AlGalnN compound) compounds and an introduction blue
and violet LDs to the market, the physical properties of GaN and
InGaN and AlGaN systems are still not well understood. Similarly
the technology of GaN devices is still far from maturity.

The main problem for technology based on freestanding
HVPE grown GaN substrates is the reduction of the density of
dislocations. The size of the substrates is already sufficient for many
industrial application, however the dislocation densities still
remain two orders of magnitude above the magic value 104 cm·l ,

necessary for dislocation-free LDs that are especially important for
high power LDs. The prospects for this method depend on
whether the technologywillbe able to breakthis barrier in the near
future.

The technology ofblue lasers based on HNPSG single crystals
has been able to provide dislocation-free laser structures,which has
allowed record power to be obtained in the pulse mode operation.
It has also brought the devices on the market-at present these
devices are the only European devices on offer to customers.
The main areas, in which our blue laser technology should be
improved, are:
• processing and heat management
• strain engineering
• p-type doping by magnesium.

But especially the move towards shorter wavelength (DV
range) requires further progress in strain engineering to prevent

europhysics news MAY/JUNE 2004
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I~ Fig. 9: Current -light and current - voltage characteristics of a
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induce misfit dislocations. This phenomenon was analyzed by
Domagala et al. [18] by x-ray measurements oflattice parameters
for various GaN-based epitaxiallayers deposited on GaN sub­
strates as a function of InGaN (AIGaN) composition and
thickness. It is shown in Fig 6a that for mismatch and thickness
present in a typical blue laser structure, the relaxation of the strain
by the generation of dislocations was not observed. In Fig 6b a
TEM crossection of the multilayer structure, grown byMOVPE on
high-pressure GaN substrate, similar to the blue laser structures is
presented. It does not contain dislocations, confirming the results
ofx-ray measurements.

For laser application we grow GaN/AlGaN/lnGaN laser struc­
tures in a home-made vertical flow MOVPE reactor and VG
Semicon MBE machine. We grow our structure as a separate con­
finement heterostructure laser, with AlGaN cladding layers and Mg
and Si doped GaN waveguides. The active layer of the device is a
5x InxGal.xN/lno.024Gao.976N (QW 0.08<x<0.12) structure consist­
ing of 80A-thick Si doped barriers and 40A-thick undoped well
layers. The details ofthe structure are given in the following and are
illustrated on Fig. 7.

Contacts and processing - laser device
The devices were processed as ridge-waveguide, oxide-isolated
lasers. The mesa structure was etched out in the wafer, down to a
depth of 0.3 Ilm (roughly to the middle of the upper cladding
layer). The laser structure was then isolated bye-beam deposition
of a 0.2 flID layer of SiOx. The stripe width is 5-20 flID and the res­
onator length is 500 Ilm. The reflectivity of the cleaved mirrors
was increased to 50% by coating them wit.l], two pairs of quarter­
wavelength layers of SiOJZr02. The NilAu ohmic contacts, of a
typical contact resistance 1'10-4 Q·cml , were deposited on the top
surface of the device, while TilAu contacts were deposited on the
backside of the highly conducting n-GaN crystal.

The emission wavelengths ofthe lasers, as presented in Fig. 8, are
between 390 and 430 nm. The threshold currents for these lasers
are between 380 to 800 mA (for a 15 Ilm stripe width), while the
threshold voltage ranges from 7.5 to 9 V These values correspond
to current densities of 5-10 kAlcml

. This current density is still a
factor of two higher than for the devices manufactured by Nichia
and Sony. We attribute this fact to excessive carrier overflow. The
slope efficiency of our devices is in the range of 0.25-0.3 W/A per
facet (0.5-0.6 W/A for total emission) for the current range 0-3 A.
For higher currents the efficiencyslightly decreases. Figure 9 shows
the basic electrical and optical characteristics of our lasers, all



the generation of misfit dislocations and the cracking of AlGaN
layers with higher aluminum content.
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The stratosphere as a

puppeteer of European
winter climate
Peter SiegmuruP, Michael Sigmondl •

2, and Hennie Kelderl•2

1Royal Netherlands Meteorological Institute
2Technical University ofEindhoven

The depletion of the stratospheric ozone layer and the increase
of greenhouse gas concentrations have led to changes in the

climate ofthe stratosphere, the atmospheric layer between about 10
and 50 km. Stratospheric climate change currently receives wide
attention among environmental physicists, because it will likely
influence the speed of recovery of the ozone layer, and it may
induce climate change in the troposphere, the atmospheric layer
between the earth's surface and the stratosphere. Recent studies
indicate that a significant part of the European winter warming
observed in the past and predicted for the next decades might be
due to changes in the climate of the stratosphere. To some extent
the troposphere and the stratosphere might be regarded here as
puppet and puppeteer, respectively. Unusually, the puppet's weight
is about ten times that of the puppeteer.

Stratospheric ozone depletion
The ozone layer has been depleted due to human emissions of
ozone-depleting gases containing chlorine and bromine. The
ozone depletion is largest, about 50%, over Antarctica in winter­
spring. This annually recurring "ozone hole" is due to special
(photo)chemical ozone destruction reactions at very low temper­
atures that only occur in winter-spring over Antarctica and, to a
lesser extent, the Arctic. Over the Arctic the depletion is up to about
20%, and is more variable than over Antarctica. Also at middle lat­
itudes the ozone layer has been depleted, by about 5% between
1980 and 2000. As a result of international regulations, the total
abundance of the ozone-depleting gases in the atmosphere has
begun to decrease in recent years. Natural chemical and transport
processes limit the rate at which these gases can be removed from
the stratosphere. Model predictions indicate a recovery of the
ozone layer to pre-ozone hole conditions by the middle of the 21st

century. For more information about stratospheric ozone depletion
see, e.g., Fahey et al. (2003).

Stratospheric global cooling
The ozone depletion leads to less absorption ofsolar radiation in the
stratosphere and, consequently, to colder stratospheric tempera­
tures. Also the increased greenhouse gas concentrations lead to
colder stratospheric temperatures, which can be understood as fol­
lows. Greenhouse gases emit radiation at their local temperature,
and absorb radiation that is emitted by the surrounding air, most of
which is at lower altitudes. The emission increases with increasing
temperature, according to Stefan-Boltzmann's law. Since in the
stratosphere the temperature increases with altitude, the cooling by
the emission at the local temperature exceeds the warming by the
absorption ofthe radiation that is mainly emitted at the lower tem­
peratures ofthe altitudes below. Thus in the stratosphere an increase
in greenhouse gases will lead to more radiative cooling and,
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consequently, lower temperatures. In the troposphere, where the
temperature decreases with altitude, the emission is less than the
absorption, and a greenhouse gas increase will cause higher tem­
peratures. Although the climate change due to increased greenhouse
gases is often called 'global warming', for the stratosphere the term
'global cooling' would be more appropriate. Temperature observa­
tions in thelower stratosphere (15-20 km) show a cooling trend of
-0.6 QC/decade since 1980. The strongest cooling occurs in the
polar lower stratosphere during winter-spring (-3°C/decade). The
observed cooling in the upper stratosphere (30-50 km) is
1-2 QC/decade since -1970,with the magnitude increasing with alti­
tude. Model simulations ofthe climate response to ozone depletion
and increasing greenhouse gases show an increase of the equator­
to-pole temperature gradient and a corresponding increase of the
westerlywind in the lower extratropical stratosphere,which are also
observed (Ramaswamy et al., 2001; Langematz et al., 2003).

European winter warming
In the past decades the surface temperature has increased almost
globally (IPCC, 2001). The warming is largest over the Northern
Hemisphere (NH) winter continents. A part of this warming may
result from the sharp increase in the positive phase of the winter­
time Arctic Oscillation (AO) since about 1970. The AO is the
dominant geographical pattern of surface pressure variability in
the NH. It is basically a dipole with opposite signs north and south
of -60 ON, representing the latitudinal swings of air mass. In the
positive phase of the AO the surface pressure at lower latitudes is
larger, and the surface pressure at higher latitudes is smaller than
t.'e clim.atological mea.'l value. Si.'lce the climatological mea.'l sur­
face pressure at lower latitudes is larger than that at higher latitudes,
a positive phase ofthe AO also corresponds to an enhanced differ­
ence in surface pressure between lower and higher latitudes. This

Height anomalies, relative to 1958-2001 average
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"" Fig- 1: Height anomalies a,t pressure levels (in hectoPascal, hPa)
from the surface (1000 hPa) to the top ofthe stratosphere (1 hPa),
for all seasons during the period 1986·2001.The height has been
averaged over the area north of 600 N.The anomaly for each day is
relative to the 1958-2oo1-average for that calendar day, and has
been scaled by the standard deviation of the anomaly's timeseries
for all days of 1958-2001.To put emphasis on seasonal timescales,
the daily height data have been low-pass-filtered using a 91-day
running average. In clear regions (most ofwhich occur in
summer) the absolute value of the height anomaly is less than 0.7
times the standard deviation. Red shading corresponds to high
temperatures in the area north of 60oN, weak westerly winds, and
a negative phase ofthe Arctic Ascillation (AD); blue shading
corresponds to lowtemperatures, strong westerly winds, and a
positive phase ofthe AD.
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enhanced pressure difference leads to enhanced westerly winds,
which, in turn, lead to cold winters downstream ofthe cold winter
continents, e.g. over the north-west Atlantic, and warm winters
downstream of the relatively warm oceans, e.g. over Europe and
Siberia. Thus, a positive phase of the AO corresponds to relatively
warm winters in Europe. The observed increase in the positive
phase of the wintertime AO accounts for -30% of the warming of
the NH as a whole, and -50% of the warming of the Eurasian
continent (Thompson et al., 2000).

Stratosphere-troposphere coupling
Observations show that there exists at seasonal time-scales a strong
relation between the surface pressure pattern and the circulation
pattern throughout the troposphere and the stratosphere. In par­
ticular, a positive phase of the AO corresponds to enhanced
westerlywinds in the area north of about 45 ON in both the tropos­
phere and the stratosphere. This is illustrated in Figure 1, which
shows anomalies ofthe height in the polar region at pressure levels
from the surface to the top of the stratosphere, for the period
1986-2001 (environmental physicists use height as a function of
pressure, rather than pressure as a function of height). We have
averaged the height over the area north of 60oN. The anomaly for
each day is relative to the 1958-200I-average for that calendar day,
and has been scaled by the total time series' standard deviation.
This scaled anomaly is a proxy for the strength of the AO. To put
emphasis on seasonal timescales, a 90-day low-pass filter has been
applied. The datahave been obtained from the European Centre for
Medium-Range Weather Forecasts (ECMWF) 4O-year reanalysis
project. Anegative height anomaly corresponds to a positive phase
of the AO. The anomalies are largest in winter, and comprise both
the troposphere and the stratosphere, suggesting a coupling
between the stratosphere and the troposphere. An important
observation is that anomalies in the stratosphere often precede
those in the troposphere, suggesting that variations in the surface
AO are often 'driven' by variations in the stratosphere. The anom­
alies are predominantly negative, i.e. the height values are generally
smaller than the 1958-2001-average, which is in line with the
observed increase of the positive phase ofthe AO. In summary, the
European winterwarming ofthe last decades can for a large partbe
explained by an increase in the positive phase of the AO, which in
turn might be induced by stratospheric climate change due to
ozone depletion and increased greenhouse gas concentrations.
More information about the relation between stratosphere-tro­
posphere coupling and climate change is given, e.g., by Hartrnann
et al. (2000). The question whether stratospheric climate change
indeed induces an increase in the positive phase of the AO has
motivated us to perform idealized experiments with a global cli­
mate model comprisingboth the troposphere and the stratosphere.

A simulation of the separate climate effects of
stratospheric and tropospheric CO2 doubling
Our climate simulations show an increase of the tropospheric
westerlies (associated with an increase in the positive phase of the
AO) in NH winter middle latitudes in response to uniform CO2

doubling (Figure 2a). This increase corresponds to an increase in
the positive phase ofthe AO. To address the question to what extent
the increase in the positive phase of the AO is caused by stratos­
pheric and by tropospheric climate change, two additional
experiments have been performed in which the CO2 concentra­
tion has been separately doubled in the stratosphere and the
troposphere. The sum of the separate responses to tropospheric
and stratospheric CO2 doubling is in most regions approximately
equal to the uniformly doubled CO2 response. This implies that the
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lit> Fig. 2: Latitude-altitude distribution ofthe simulated Northern
Hemispheric winter longitudinally averaged westerly wind
response to a) CO2 doubling in the entire atmosphere, b) (02
doubling in only the stratosphere, and cl CO2 doubling in only the
troposphere. Units are m/soThe climate simulations have been
performed with a climate model including the troposphere and
the entire stratosphere.The results shown are computed as the
difference between 3D-year simulations ofthe doubled COr
climate and ofthe actual climate with present-day CO2
concentration.The dashed line denotes the position ofthe
tropopause, separating the troposphere and the stratosphere.
Positive values denote an increase in the westerly wind relative to
the actual climate simulation,negative values denote a decrease.
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(rather artificial) separation ofthe climate response into a response
to stratospheric and a response to tropospheric CO2 doubling is
physically meaningful. The NH middle latituf,ie tropospheric west­
erlies strengthen in response to stratospheric CO2 doubling (Figure
2b), but do not significantly change in response to tropospheric
CO2 doubling (Figure 2c). These results suggest that the increase of
tropospheric westerlies in response to uniform CO2 doubling can
be attributed mainly to the stratospheric CO2 doubling. Since the
stronger westerly winds correspond to a stronger positive phase of
the AO, the results confirm the suggestion that the observed
increase in the positive phase ofthe wintertime AO is caused by cli­
mate change in the stratosphere.

Whereas normally a pupetteer has more than one puppet, the
European climate change has probably more than one puppeteer.
Recent studies suggest that also changes in tropical sea surface tem­
peratures might have induced an upward trend in the AO.
Identifying and understanding the strings between these stratos­
pheric and tropical puppetteers and the European climate change
puppet is a major challenge of current studies in environmental
physics in the next decade.
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The depth of the heavens:
Belief and knowledge
during 2500 years
Erik H"g, Copenhagen University Observatory

We see the Sun, Moon. and stars in the heavens as if placed on
the inside of a sphere. But even early man had ideas about

the distances to these heavenly objects. The Greek philosopher
Anaxagoras living in Athens 2500 years ago claimed that the Sun is
a fiery rock larger than the whole Peloponnesian peninsula. This
implies a distance to the Sun larger than 20,000 km. Anaxagoras.
however, was accused of blasphemy and had to leave Athens for
that reason. His contemporaries believed that the sun god Helios
drove his fiery wagon with the Sun across the sky in the day and
returned at night sleeping on his ship.

Do we perhaps see this empty golden ship ofHelios on the 'Disc
of Heavens' from Nebra? This gold plated bronze disc (Figure1)
from 1600 B.C. would then be the first known image of cosmos in
the history of mankind. .

What is in the heavens? Men at all times have seen the Moon,
Sun, planets, and stars. Christians in Antiquity and Middle Ages
have believed that also God. angels. and saints live in the heavens.
Astronomers today do of course find the Moon, Sun. planets, and
stars in the heavens, but also star clusters. galaxies. dust, gas, white
dwarfs, neutron stars. black holes, and quasars, and furthermore
invisible dark matter whose true physical nature is a great mystery
of astronomy today. since it is not made of atoms or the like.

But we shall be mostly concerned with the belief of mankind
over times about the size of the universe with respect to distances
to the Moon, Sun, planets. and stars. The recent 100 years with
galaxies and the Big Bang shall however be mentioned at last.

The universe of Dante Alighieri
From the present we shall first jump back in time 700 years to
Dante's famous Divine Comedy, before returning to the ancient
Greeks. A few years ago I began to reread the classics. I said to
myself: "it is time since your are in your sixties. read now while still
clear in your head". Dante wanders through Hell. Purgatory. and
Paradise, and it struck me how often he mentions astronomical
subjects. He was well acquainted with the knowledge of his time
which he had studied at the universities in Florence and Bologna. It

r~ Table: Historical and Contemporary Distances
I The visible universe is a million billion times larger than Tycho

I
Brahe betieved.
(The unit 1light-year == 1.49 billion Earth radii) Ptolemy is far from
being the first to give distances to planets and stars, but hisIdistances gained the status ofhighest authority during the
following 1500 years. He had his values for the Earth radius and
distances to Moon and Sun from astronomers working between
the years 300 and 100 B.C.Their value for the Sun was 20 times too
small, and not even Tycho Brahe knew better. After his time doubts
arose, first for Johannes Kepler in 1617. But it took 150 years before

l
the distance to the Sun was safely known from new observations,
namely from Venus transits of the solar disc.
--_._.-
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was obviously important for him to include these astronomical or
physical aspects-in a poetical cloth, but still clear enough ifyou
read the commentaries.

At the bottom ofHell stands the giant Luciferwith his genitals at
the centre ofthe Earth. This is seen on a drawing (Figure 2) by San­
dro Botticelli (1444-1510). Dante must pass Lucifer to enter the
channel that leads through the Earth to the mountain of Purgato­
ry on the other side of the Earth. Dante has to ride on the back of
his guide, the roman poetVergil, who courageously clutches to the
thick fur of Lucifer and crawls downwards. When he reaches the
rounding of the hip near the Earth's centre he must turn around
and continue with the head in the other direction.We meet now the
physics ofAristotle (384-322 B.C.), saying that bodies seek their
'natural place', which means here the centre ofEarth. For Aristotle
the attraction of a body towards the centre of Earth was constant.
while Newton 400 years later predicts zero gravity at the centre.

When standing on the Purgatory Mountain watching the rising
Sun, Dante notices that the Sun will pass over his left shoulder.
Vergil readily explains that this follows from standing on the south­
ern hemisphere.

I could continue with examples from Dante. His descriptions are
so clear that it is possible to draw the picture that Dante and the
Middle Ages saw. the universe with the Earth at its centre, sur­
rounded by thespheres ofFire, Moon, Mercury,Venus, Sun. Mars,
Jupiter, Saturn. the fixed stars, the crystal sphere. and uppermost
Empyreum with the saints, the angels, and God. This naive and
very popular view of the cosmos in the Middle Ages with the
Earth and God at the extremes was not shared by theologians who
meant that God is omnipresent at all times.

Dante's picture of the universe with the Earth and God at the
extremes is suitable for our table where we give the distances in the
visible universe. firstly as given by Ptolemy. secondly the true dis­
tances as they have become known during times. Dante has
undoubtedly known the distances given by the famous Greek
astronomer Ptolemy about AD 150 since his distances were accept­
ed and well known in the whole educated world, the Christian as
the Muslim.

Distance to Ptolemy(-AD ISO) True distance
Dante and Tycho

Brahe

Centre of Earth 1 Earth radius 1 Earth radius
= - 6000 km = 6370 km

Moon 33 - 64 Earth radii 60 Earth radii

Sun 1210 Earth radii 25 000 Earth radii
since 1770

Stars 20 000 Earth radii Over 10 light-years
= 0.000 014 light-years since 1838

Most distant stars - 30000 light-years
in the Milky Way in year 1900

Most distant galaxies - 2 billion light-years
observable by 1960 in year 1960

Extreme of the Stars: 20 000 Earth radii 13.7 billion light-years
visible universe = 0.000 014 light-years in year 2003

God and the angels - -
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... Fig. 2: Lucifer at the centre of Earth in a draWing by Sandro
Botticelli about 1500-Vergil with Dante on his back is crawling
down and turns upside down, when he reaches the centre.

(ancient) authorities or charismatic leaders. Critical sense and hard
work can however gradually lead to explanations (theoretical
descriptions a physicist would say) which are self-consistent and
which agree with the most important observations.

to be called the father of
modern science.

All the speculative ideas
spring from the irresistible
human desire to seek and
also to provide an explana­
tion for everything seen and
experienced, for instance for
the true nature of the Sun
and the cycle of day and
night, for the creation of the
world and man, for life after
death, and for the inner
motives of politicians. Man
adopts these explanations
partly through own reason­
ing, partly by believing in

Greek theory and observations
The Greeks introduced theory in astronomy in order to predict
positions of the planets and eclipses of Sun and Moon. They pro­
posed many possible systems of the universe until Ptolemy's
authority overshadowed everything else. Anaximenes of Milet
says about 600 B.C. that Earth is a cylinder, three times broader
than high, and that it is surrounded by three concentric rings car­
rying Moon, Sun, and the fixed stars. These rings have diameters of
respectively nine, eighteen, and twentyseven times the Earth's
diameter. At the same time Pythagoras realizes that the Earth is
spherical, partly for the mathematical and speculative reason that
he considered the sphere to be the ideal form of a body, partly
because he saw the circular shadow of Earth cast on the Moon at
lunar eclipse. Philolaus says about 400 B.C. that Earth circles the
Sun in the time ofone day and night. About the year 350 B.C. Aris­
totle places the Earth at centre, and it is surrounded by concentric
spheres of water, air, and fire, followed by spheres for the heavenly
bodies. This system was to become the basis for cosmology and
physics for most of the next two thousand years.

A very interesting idea was proposed by Aristarch about 280
B.c., that Earth circles the Sun in one year while it rotates about its
own axis in the time of one day and night. But the idea did not get
wide acceptance at that time. It took 1800 years before Nicolaus
Copernicus (1473-1543) made the same proposal thus moving
the centre of the universe from the Earth to the Sun.

The size of the Earth was correctly determined by the ancient
Greeks. It was noticed that the Sun stood higher in the sky at noon
at a given time of the year when seen from a southern latitude
than from a more northern. From the difference in altitude mea­
sured in degrees and the distances between the two places on Earth
it was easy for Erathostenes about 250 B.C. to compute the cir­
cumference of the Earth when he rightly assumed that the Sun
was very very far away.

Also the Moon's distance was determined. Hipparchus, the
father ofastronomy, did it about 120 B.C. bymeans ofa solar eclipse
that had taken place on 14 March 189 RC. He knew from reports
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... Fig. 1:The Disc of Heavens from Nebra in Germany-This
archeological and cultural sensation became known in 2002 and is
dated to 1600 B.C., the early bronze age; Anybody can see it has an
astronomical subject: Sun,Moon and stars. It is the oldest image of
the cosmos.
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Speculative ideas
Greek thinking about the system ofnature flourished in the regions
along the eastern Mediterranean from Archimedes in Syracuse on
Sicily to Erathostenes and Ptolemy in Alexandria, and it was active
in a very long period of time from about year 600 B.C. to year AD
200 Of course only a narrow part of the societies had time and
interest for such matters, but their thoughts were transmitted over
times by Romans and Arabs into the Middle Ages.

The Greek philosophers were seeking explanations by laws of
nature while others in the societies belived in the intervention of
events bythe sometimes very human gods. This neglect ofthe gods
did usually not lead to political prosecution because of the demo­
cratic structure of Greek societies.

In other societies ofthe time where the rulers either called them­
selves gods or claimed to be in close family with gods, such
thoughts would be considered as an attack on the social order,
resulting in danger of life for those speaking of rational explana­
tions. When Anaxagoras in Athens was blamed for blasphemy it is
considered by present-day historians as a result of the political
struggle after Perikles who was a close friend ofAnaxagoras.

The Greek thinkers wanted to understand the whole universe
through rational explanations. About 400 RC. they formed the
opinion that everything consists of four elements: fire, air, water,
and earth which are themselves not composed ofsmaller elements.
This opinion was the basis for all science until Boyle and Lavoisier
about 1700, and we still meet it in TV and popular journals. The
Chinese tradition has five elements, the same four as in Europe plus
wood as a fifth element.

Probably many readers will agree that this opinion is scientifi­
cally wrong. It is a speculative idea, not based on thorough
physical-chemical observations. Speculative ideas shall not mean
pure guesswork but, at best, a thinking originating in the deepest
imagination the philosopher has about the principles ofnature, but
which has only a loose connection to experience. We should not
merely shake our heads about the old thinkers. We must realize that
truth is very difficult to find, so we still live with many erroneous
concepts. But in mathematics and science it is possible to gain
such a degree of certainty through thinking and experience that
very little reason for doubt is left.

We meet speculative ideas with most of the ancient thinkers,
which is not said to belittle the historical role of, for instance, Plato
and Aristotle, but
here Archimedes
(-287-212 B.C.)
occupies a unique
position as the one
whose methods and
results have eternal
validity, for instance
the rules of equilibri­
um and ofbuoyancy
in water, which were
derived through
experience and
mathematical theory.
Archimedes deserves
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~ fjg. 3: God as the architect, illustration from a Middle Age
bible-God has created the universe after geometric and
harmonic principles.To seek these principleswas therefore to seek
and worship God, meant for instance Kepler.

of the event that the Sun covered the whole Moon as seen from
He1lespont, but only four fifths of the Sun was covered in Alexan­
dria. He correctly assumed that the Sun was much further away
than the Moon and could then easily compute the distance to the
Moon.

The angular shift of the Moon with respect to the Sun between
observations from two places on the Earth was thus used to mea­
sure the distance to the Moon. A similar method ofangular shift is
applied in our modern times to measure the distances to stars. The
angle between a nearby star and one far away changes with time.
Considering two observations half a year apart the angle has
changed the most, because the Earth after half a year has moved to
the other side ofthe Sun, that means it is shiftedby 300 million km.
This measurement is complicated by the individual straight motion
of the two stars through space. Therefore the separation of the
proper motion of a star from its distance requires several years of
observations.

Music of the spheres
The sequence of the planets and the dimensions of the cosmos
were not agreed upon in Antiquity. We find the sequence: Earth,
Moon, Sun, planets, and: Earth, Moon, Venus, Mercury, Sun, and:
Earth, Moon, Sun, Venus, Mercury. Agreement was only reached
with the advent of Copernicus who placed the Sun at the centre:
Sun, Mercury, Venus, Earth while the Moon was still closest to the
Earth.

Music theory was used to find the size of planetary orbits since
the natural intervals of tones were considered fundamental for the
system of nature. The harmony ofspheres was an important con­
cept all the time from Pythagoras to Kepler's Mysterium
Cosmographicum in 1596. Nowadays we can see that it is com­
pletely wrong, without a real connection to the laws of nature in
astronomy, and the results obtained by the various ancient scientist
were in fact very different.

Music theory as a tool in astronomy became completely mean­
ingless and superfluous with the laws of nature presented in
Newton's famous work Principia Mathematica Philosophiae Natu­
raUs from 1687, a book on a new physics that came to revolutionize
the world.

Newton describes the laws of nature mathematically by means
of concepts as velocity, acceleration, force, mass, absolute time,
absolute space, and gravity, concepts previously unknown or
without a precise meaning.

Newton created his laws on the basis of the laws of planetary
motion which Kepler had found on the basis ofTycho Brahe's mea­
surements. But Newton's laws are valid everywhere in the whole
world, in the entire universe. They have since been applied to
describe all phenomena in nature, the motion of planets, and the
structure of atoms. They are applied throughout modern tech­
niques: for construction ofbridges, telescopes, motors, rockets etc.

Middle Ages
We must not forget the contribution from the Middle Ages. Chris­
tian thinkers were much concerned with the concepts of time,
eternity, and space because the Christian God is eternal and
omnipresent. They created a philosophical language in which they
could speak about these matters in a way that made sense. During
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Antiquity and Middle Ages the
Christian teachers (missionaries
and priests) fought astrology and
old superstition, which however
still have a firm grip in many peo­
ple ofour time. But superstition is
quite alien to the Christian belief
in an orderedworld, a world and a
universe ordered in harmony by
the eternal God, a God who does
not interfere in everyday matters.
God as architect of the universe
appears, for instance on a illustra­
tion in a bible from the Middle
Ages. A belief in miracles hardly

\ complies with this concept of God.
In the Christian Europe a broader part of society gradually

got a theoretical education than in ancient Greece. It was a rather
widely shared opinion in the 16th centurythat it is permitted to seek
the laws of nature for the sole purpose of discovering these laws.
Previously, such studies always had to be accompanied by and to
end with a praise of the Almighty God. Tycho Brahe and GaliIei
enjoyed this freedom of research for a while, but they both came
to suffer when conservative theologists gained strength again.

The light from the Big Bang
The attentive reader will have noticed that astronomers have often
changed opinion about distances, sometimes slowly, sometimes
very quickly. Theyheld to the Ptolemaic distances even up to Tycho
Brahe. But the visible universe isp.ow one millionbillion times larg­
er than that ofTycho Brahe, and it has "grown'most quickly during
the recent 100 years, by nearly a factor one million according to
the table. The reader must ask: Do we know anything certain at all?
Can it continue to grow like this?

The answers are respectivelyYES and NO.
Instruments and methods ofmeasurement are fundamental for

our knowledge of the universe. But it would require too much
space here to descnbe these matters and the methods to interprete
the observations. I must try to gain the reader's confidence through
historical information.

I venture to claim that we know something for certain, for
instance the size of the Earth and the distance to the Moon were
nearly right before 100 RC. The distance to the Sun could only be
accurately measured after the invention of the telescope and its
use in astronomical observations by Galilei in 1610. But
astronomers still had to wait for a very seldom event, a passage of
Venus across the solar disc, and to send expeditions to exotic places
of Earth to get the observations that could provide the much
wanted distance to the Sun. That happened for the first time in
1761, and the method worked to satisfaction. In our times some
distances in our solar system have been measured directly by
reflection ofradar signals from Earth to for instance the Moon and
Venus.

Progress in measuring the distance to stars had to wait for the
industrial revolution. One of the preconditions of this revolution
was to know the laws of nature as described by Newton in 1687.
Since Copernicus in 1543 wrote that the Sun is the centre of
Earth's orbit, astronomers had triedto measure the distance to stars
through the annual shift of position. But they could only succeed
after development of good telescopes, and, not the least, a good
mathematical method to treat observations and their errors. The
mathematical method of'least squares' was described by Gauss in
1802. The measurement and the data analysis were mastered by
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Bessel for the star No.61 in the constellation of Swan. His careful
analysis and its publication in 1838 convinced other astronomers
about the reality of the result, contrary to numerous other pub­
lished 'stellar distances' since Copernicus. The distance of 11.2 light
years is a million times larger than Ptolemy's distance to the stars.

The measurement of distances by the annual angular shift has
now been possible for stars (see Figure 4) that are within a dis­
tance from the Sun of a few per cent of the extent of our Galaxy.

The distance ofstars veryfar away, for instance in other galaxies,
can be derived from their observed brightness. The brightness ofa
star decreases by the square of the distance. This means that a star
which is two times further away than a nearby star ofthe same type
is fainter by a factor four. The type of a star can be measured by a
study of its spectrum where the colour components of the light are
recorded with sufficient detail.

Large telescopes were required to observe the spectra of stars.
The interpretation ofstellar spectra required a theory ofheat and an
atomic theory which were developed in the 19th and 20th centuries.
That was possible on the basis of Newton's laws, and later other
deep laws were discovered, quantum theory and theory ofrelativity.

Through radio techniques and observations from outside the
Earth's atmosphere it has been possible during the recent fifty years
to study electromagnetic radiation in all wavelengths, not only in
the narrow band around the visually visible light which was the
basis for all previous astronomy. By 1960 the Palomar 5 meter tele­
scope could record faint galaxies as far away as 2billion light-years,
and nowadays from the Hubble Space Telescope distant galaxies
have been observed where the light has been on its way for nearly
13 billion years, almost since the universe began with the Big
Bang.

We have observed the radiation emitted when the universe was
only 380,000 years old when the temperature of the Big Bang 'fire
ball' had fallen below 3000 degrees. At this temperature the gas in
the universe becomes transparent so that the radiation can travel
unhindered, not being absorbed again as when the gas is hotter.
This radiation was discovered by Penzias and Wilson in 1964 as
microwaves coming from all over the sky. This cosmic background
radiation has much longer wavelengths now than when its was
emitted because of the expansion of the universe during the time
since the radiation started its journey 13.7 billion years ago. This
age of the universe has been measured with a precision of 1 per

cent by a recent satel­
lite,WMAP.

The long wavelengths
of the radiation corre­
spond to a radiation
temperature of only
2.726 degrees above the
absolute zero point of
-273.15 degrees Cel­
sius. The temperature
of the radiation is very
constant over the whole
sky, varying by only 40
millionths of a degree.

A. Fig. 4:HIPPARCOS, the first astrometric satellite, measured

Iaccurate distances of stars. tt was launched by the Europ.ean Space
Agency in 1989.ln 3 years Hipparcos obtained distances for
120,000 stars up to 1000 light-years away. It provided 2.5 million
stars for theTycho-2 Catalogue including positions, proper
motions, and colour measurements.
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The mathematical analysis of the accurately measured variations
has given crucial information about the early development of the
universe.

The invisible universe
The light or any radiation we observe from an object in the uni­
verse can only have been on its way since the Big Bang 13.7 billion
years ago. This very long, but finite time defines our cosmic horizon
which is a sphere centred on the observer. The distance to objects
in the visible universe, that is the universe inside our cosmic hori­
zon, has been our main subject. It must, however, be stressed that
the whole universe is much larger, perhaps even infinite in size; but
according to observations with the WMAP satellite the universe is
probably finite. In any case the whole universe has no centre, it
looks approximately the same in its large-scale features for any
observer. This is called the cosmological principle which is basis for
all modern cosmology and which is also in accordance with accu­
rate observations for instance byWMAP.

Some words about time, space, and distances are required. We
see a distant galaxy as it looked when light left it several billion
years ago which is called the look-back time ofthe galaxy. We define
the look-back distance to the galaxy as the look-back time multi­
plied with the speed of light 300,000 km per second.

We may observe the angular size and the brightness ofa galaxy
at some distance. If the same kind ofgalaxy is observed at a twice
larger distance we expect it to look twice smaller and four times
fainter. These laws are accurately valid up to distances of several
hundred million light-years, but not for many billion light-years.
For such galaxies other kinds ofdistances than the look-back dis­
tance are required to describe our observations with the same
laws.

Space and time are described as a four-dimensional space-time
in the general theoryofrelativitypresented by Einstein in 1915,and
this theoryhas ever since been the preferred mathematicalbasis for
studies of the universe. It describes a universe which has no centre,
and it provides newkinds ofdistances in an expanding universe by
which the angular size and brightness of a galaxy can be treated
consistently, even at the largest distances.

The theory of relativity does not actually predict that the uni­
verse expands, but it allows an expansion or a contraction. The
actual expansion was discovered by Edwin Hubble in 1929 when
he found that the lines in spectra of distant galaxies were shifted
towards red indicating a velocity away from us, with larger veloci­
ties for larger distances. Since the velocity is proportional to the
distance, an observer at any position in the universe will see simi­
lar expansion velocities, in accordance with the cosmological
principle.

Modern observations and theory have reached the most distant
parts of the visible universe with great succes in obtaining a con­
sistent picture through mathematical descriptions. One ofthe most
astounding results is that the mass of all visible matter (that is
atomic matter as stars, dust, and gas) is too small to explain the
observed velocities in galaxies and clusters of galaxies. The total
gravity required by the observed velocities is ascribed to the visi­
ble atomic matter plus some kind of dark matter which has been a
riddle in astronomy for seventy years. It appears now that there is
ten times as much dark matter as atomic matter. In fact the forma­
tion of galaxies and galaxy clusters is totally dominated by the
gravity ofthe dark matter,while the atomic matter merely shows us
the motion of the dark matter.

A more recently discovered riddle of similar magnitude is
based on observation of very distant objects in the universe. It
appears that the expansion ofthe universe is faster now than it was
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in the past. This effect is ascribed to dark energy which acceleratt;s
the expansion.

Dark matter and dark energy are just convenient names used
by astronomers when speaking of the large velocities seen in the
motion ofvisible matter in the universe. It is the great challenge for
present astronomy and physics to understand the true physical
nature of dark matter and dark energy.

Finally some conclusions. The entire universe has probably a
finite volume, being slightly curved through the presence ofvisible
and dark matter, and of dark energy. The universe will probably
expandforever and will do so faster and faster because of the pres­
ence of dark energy.
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Particle physics from the
Earth and from the sky
Daniel Treille, CERN, Geneva, Switzerland

Recent results in particle physics offer a good balance between the
news "coming from the Earth", namely results from the various

colliders, and news "coming from the sky", concerning solar and
atmospheric neutrinos, astroparticle programmes, searches for dark
matter, cosmic microwave background (CMB), cosmology, etc.

In the light of this information, gathered in particular from the
2003 Summer Conferences (EPS in Aachen, Lepton-Photon in Fer­
milab), an account of the status of our field is given. It will appear
in two parts, corresponding approximatively to the division
between the Earth and the sky. The first one covers the Electroweak
Theory, ideas beyond the Standard Model, Quantum Chromody­
narnics (QCD), Beauty and heavy ion physics.

Electroweak Theory
The Electroweak Theory (EWT), together with Quantum Chro­
modynamics (QCD), modern version of the strong interaction,
builds the Standard Model (SM) of Particle Physics [1]. The EWT
is a fully computable theory. All EW measurable quantities, called
"observables", as for instance the properties ofthe various ZO decay
modes, can be predicted with great accuracy and compared to
measurements. Each of them allows in particular to determine the
Weak Mixing Angle, i.e. the parameter of the 2><2 unitary matrix
which transforms the two abstract neutral bosons of the EWT
into the two neutral physical states, photon and Zoo The internal
consistency of the EWT implies that all values of the Weak Mixing
Angle obtained should coincide. In terms of the standard Big
Bang model, the breaking of the EW symmetry, namely the time
at which known elementary particles got their mass, presumably
through the Higgs mechanism*, occured at about IQ,l1s after the
Big Bang.

The e+e' high-energy colliders LEP at CERN and SLC (SLAC
Linear Collider) have delivered their quasi-fInal results. Their
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contribution to the validation of the EWT has been invaluable.
However, besides celebrating this great success, it is worth consid­
ering the few areas of obscurity left and discussing how one can
hope to improve the precision measurements in the future.

It is amusing to remember what was expected from LEP, for
instance at the time of the meeting held in Aachen, in the same
place as the 2003 EPS Conference, in 1986. In nearly all domains
the quality and accuracy of the final results of ZO and W± physics"
have been much better than foreseen, in particular due to the
progress made during the last decade on detectors (microvertex
devices allowing a clean tag ofbeauty particles, by revealing their
long lifetime (flight path) of about 1 picosecond (few mm), lumi­
nometers providing a very accurate absolute normalization of the
various processes, etc), on methods (such as how to determine the
number of neutrinos from the ZO properties, ... ) and on the mas­
tering of theoretical calculations.

Figure 1 and its legend recall what is the scenery of e+e' colli­
sions. Sitting on the huge ZO resonance, LEP recorded about 18
millions ZO events and SLC about half a million only, but with the
strong bonus of a large polarization of the incident electrons and
better conditions for beauty tagging. From this large amount of
data, many observables were measured, often with an accuracy of
one per mil or better. Later, LEP200 measured e+e' interactions at
higher center-of-mass energies, up to 206 GeV: it recorded about
40K W pair events and set quite strong lower mass limits on the
Higgs boson and Supersymmetric Particles.

Ifone summarizes the whole set ofavailable EW measurements
(LEPfSLC and others) by performing a global fit [2], one finds
that the SM accounts for the data in a satisfactorybut nevertheless
imperfect way: the probability ofthe fit is only 4.5%.

The measurement lying furthest from the average is that of the
weak mixing angle by the NuTeV experiment in Ferrnilab [3],
which scatters neutrinos and antineutrinos on target nuclei.
Before invoking new physics, the possible "standard" causes ofsuch
a disagreement were carefully investigated: unexpected features of
the quark distribution inside nucleons are the most likely culprits.
If this measurement is excluded from the fIt, the probability
becomes 27.5%, a reassuring number.

The other noticeable disagreement concerns the two most pre­
cise electroweak measurements, namely the spin asymmetryALR at
SLC, i.e. the relative change ofrate ofZO production in e+e' collisions
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recent refinements ofsome theoretical estimates, there is presently
a good agreement between the expectation and the 0.6% accurate
measurement on cesium made in Boulder in 1997. The APV mea­
surement does not- weight much in the EW fit. However, a
remarkable result for such a small sized experiment is that the
lower mass limit it sets on a potential Z' (600-800 GeV) is quite
competitive with those of LEP or Tevatron. However, to stay so in
the face of future LHC data, the APV measurement should reach
- 10/00 or so. The possibility of a programme using francium, the
next alkali atom, much more sensitive but radioactive, is sometimes
mentioned.

It is worth underlining here the promises of another set of low
energy measurements concerning "Electric Dipole Moments
(EDM), in particular of the neutron. For particles to have a per­
manent EDM the forces concerned must violate the invariance
under time reversal T (and therefore under CP*), and the SM
expectations are out of reach, far below existing and foreseeable
limits. But various scenarios beyond the SM may lead to strong
enhancements. Very sophisticated methods involving ultra cold
neutrons are under study and may bring an improvement of two
orders of magnitude on the present neutron EDM upper limit.
Limits on the muon EDM, as a by-product of the g-2 measure­
ment, and on the electron EDM, through measurements made on
various atoms, in particular Hg, are likely to improve as well. Ifno
positive evidence is found, these limits will in particular become a
major constraint for Supersyrnmetry.

Let us finally quote a potential problem concerning the unitari­
ty of the Cabbibo-Kobayashi-Maskawa (CKM) matrix7, and more
precisely its first row. The CKM matrix gives the relationship
between the quarks seen as mass and as flavour eigenstates. Uni­
tarity just means that when one"rotates" from one base to the other
the probabilityhas to be conserved. The CKM matrix is a 3X3 uni­
tary matrix, entirely defined in terms of four real parameters. It
gives a concise description ofall that we know at present about the
weak interactions of quarks. The first row of the matrix concerns
essentially the u<=>d and the u<=>s (Cabbibo angle) transitions and
the fact that their moduli squared do not add exactlyto unity could
indicate that the value of the Cabibbo angle is slightly underesti­
mated. Actually, after including recent results, like the data of
E865, at Brookhaven Alternate Gradient Synchrotron, on the"decay
K~1tev, the remaining deficit relative to unity amounts only to
-1.8 cr and is not a big worry

A. Fig. 2: Examples of loop diagrams
(a) The lowest order diagram contributing to g-2.
(b) The hadronic contribution to 9-2.
(c) SUSY particles in the loops as a possible contribution to g-2.
(d) Penguin diagrams (SM and SUSY) contributing to one Bdecay

mode.The ressemblance to a penguin is a matter oftaste.
(e) The loop diagrams responsible for beauty-antibeauty

oscillation.
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antibeauty resonances near 10 GeV.The J/", is the lowest charm
quark-antiquark bound state near 3 GeV. (Fig. courtesy U.A/maldi.)

when one flips the electron helicity (i.e. the component of its spin
along the direction of motion), and the forward-backward asym­
metry of beauty production on the ZO at LEP, AFBb, i.e. the
manifestation ofthe violation ofparticle-antiparticle conjugation C
(and ofparity P) in e+e-~ZO~beauty-anl:1beauty, which give values
of the weak mixing angle differing by 2.7 standard deviation with
no hint ofan explanation, neither instrumental nor theoretical.

An ambiguitywhich is not yet removed concerns the theoretical
interpretation of the muon g-2 measurement [4] obtained in
Brookhaven with an experimental accuracy of - 5 10-7

• The slight
departure of the muon g factor, relating the magnetic moment to
the spin, from its canonical value of 2 (i.e. the value given by the
Dirac equation describing pointlike relativistic fermions) is due to
the fact that the electromagnetic interaction ofa muon and a pho­
ton is perturbed by the exchange of one (or more) additional
photon(s) (figure 2a). After correction of a small error, the theo­
retical frame is sound. However, the tiny hadronic contribution
(figure 2b) to this quantity expected in the SM, which reflects the
probability that the additional photon fluctuates into a light
hadronic system, differs, depending on the way it is estimated. To
obtain its value one has to resort to subsidiary experimental data.
Using for this purpose the hadronic decays ofthe tau* (plus a set of
assumptions) leads to a relatively fair agreement between theory
and experiment {the latter larger than the former by lA cr. Howev­
er using hadronic production in low energy e+e- collisions leads to
an excess of experiment over expectation which according to the
most recent analyses [5] amounts to 2.7 cr. The situation may still
change with the advent ofdata from the B Factories in SLAC and in
KEK (Japan) and from KLOE in Frascati. This residual discrepan­
cy is all the more unfortunate given that the g-2 observable is
potentially a powerful telltale sign of new physics, in particular
Supersymmetry [1], since new particles can contribute to the per­
turbation as virtual states (figure 2c). While a significant excess of
the measured value over theory could point to an appetizing win­
dow for the masses of some supersymmetric particles, good
agreement could on the contrary eventually turn into a noticeable
constraint on the minimal value of their masses.

A low energy measurement which"returned to the ranks" is that
of atomic parity violation (APV). APV [6] occurs because in an
atom the electrons and the nucleus interact not only by photon
exchange but also by ZO (and its possible recurrences at higher
mass ZO') exchange. Alkali atoms, having a single outer electron, are
the only ones that lead to tractable atomic calculations. Due to
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The message from LEP
In spite of the few open questions quoted above, the first message
of LEPIS1£, is therefore the quality of the agreement of the SM, or
more exactly of its neutral current (i.e. ZO) sector with data. Any
theory attempting to go beyond the SM (see below) must there­
fore mimic it closely and offer very similar predictions of the
various EW observables. Most interestingly,because ofthe extreme
accuracy of the measurements, the agreement has been demon­
strated at the quantum loop-level. Before expanding this last
point, let us remark that the situation is less precise for the charged
current sector of the SM. As for its scalar (Higgs or equivalent)
sector, still largely untested, it will need the CERN Large Hadron
Collider (LHC) to be explored.

In a given process, particles, even ifthey are too heavy to be pro­
duced as "real" particles, can nevertheless intervene as "virtual"
states and slightly influence the process. Figure 2 presents a variety
of such loop diagrams. Accurate measurements on a process can
thus yield information on these virtual particles.At LEP the"miss­
ing pieces" of the SM were the top quark, too heavy to be pair
produced but whose existence was never in doubt, and the Higgs
boson, not yet observed directly at present. As G.Altarelli put it,
LEP physicists were in the situation of a bush hunter, his ear to the
ground, trying to hear the pace of a tiger (the Higgs) while an ele­
phant (the top) was rampaging around.
It is well known that ZOphysics at LEP gave a rather accurate "indi­
rect" estimate ofthe top quark mass (presently 171.5 +11.9 -9.4 GeV),
in very good agreement with the value that later the Tevatron
measured "directly" by producing the top, presently 174.3 ± 5.1
GeV (figure 3a). Once the "large" effect of the elephant-top on the
relevant electroweakobservables waswell under control,one could
search for the tiny effect expected from the tiger-Higgs boson,
which in the SM is assumed to be the only missing piece.
Ignoring the disagreements quoted above, essentially that existing
between ALR and AFBb, and considering only the mean values, one
can thus deduce, in the strict frame of the SM, the preferred mass
region for the Higgs boson (remembering that the information
concerns the logarithm of its mass):

Mh = 91+58 -37 Gev, and mh <219 GeV at 95% CL (figure 3b).
Taken alone, the ALR observable would give for the boson mass

a range between about 15 and 80 Gev, while the observable AFBb

would give it between about 200 and 700 GeY. The W mass value
(the world average is 80.426 ± 0.034 GeV) indicates also a Higgs
mass region on the low side.

Let us remark that the SLC measurement seems to contradict
the lower limit of 114.2 GeV set on the Higgs mass by the direct
Higgs search* at LEP200, as well as the indication for an effect

near 115 GeV which is presently at the 1.7 er level. However the
problem would be less acute if the top mass was a few GeV, say one
standard deviation, higher than one states presently, a possibility
that a reanalysis by the Tevatron [8] experiment DO ofits Run I data
might suggest. If it were so the limit on mh would be raised from
219 to -280 GeY. For this reason, and manyother good ones, a pre­
cise determination of the top mass is "devoutly to be wished". The
Tevatron will reduce the uncertainty to -2.5-3 GeV, per experiment
and with an integrated luminosity of 2fb-1 (i.e. providing 2 events
for a process having a cross-section of a femtobarn, i.e. 10,39 cm2).

The LHC should reach an uncertairIty of -1-2 Gev, while a Linear
Collider will do about ten times better.

The other key message of LEPISLC is thus the indication of a
light Higgs boson. Is this the truth, or could itbe an illusion? Clear­
ly ifone quits the frame of the SM by introducing new physics, it is
quite possible to invent "conspiracies", i.e. interference of ampli­
tudes of different processes, by which a heavy Higgs boson has its
effect on electroweak observables compensatedbysomething else,
like new particles or extradimensions of space. However, these
solutions are more or less artificial: it is thus reasonable to focus on
the simplest scenario and to test in priority the assumption of a
light boson by obtaining direct evidence for it.
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... Fig. 3: LeftThe top mass from indirect LEP measurements (open circles) and
from the direetTevatron measurements (colour triangles).
RightThe preferred region for the SM Higgs mass (near the bottom ofthe X2

curve) deduced from eleetroweak measurements.
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the mass scale offew TeV. The existing EW measurements puthow­
ever the model under a severe tension. True or not, this theory has
the merit to reinvigorate the LHC phenomenology by introducing
new particles into the game and in particular insisting on quanti­
tative tests concerning their decay modes.

The other new route postulates the existence, so far uncontra­
dicted, ofextra dimensions ofspace (ED), large enough to generate
visible effects at future experiments. The general idea ofan ED, due
to Kaluza and Klein, is rather old (around 1919). The Superstring
Theory requires EDs since it is consistent only in 9 or 10 spatial
dimensions. For long, however, these EDs were thought to be
"curled up" (compactified) at the Planck scale, until it was realized
that things could be different. Several versions are presentlyput for­
ward [15]. With substantial differences between them, they all
predict Kaluza-Klein recurrences ofthe graviton or some ofthe SM
particles, i.e. new states which can be produced if their mass is at
the TeV scale or below, or that may change the rate ofSM process­
es through their effect as virtual particles.

Such an eventuality, which has to be fully explored, would be an
extraordinary chance for LHC and its prospective study also con­
tributes an agreeable diversification of its phenomenology.
However, before dreaming too much, it is important to appreciate
correctly the existinglimits, drawn either from accelerators or from
astrophysics. For the ADD scenario, one should also consider the
impact ofdedicated tests ofNewtonian gravity at small scale [16],
which, besides micro-mechanical experiments, use sophisticated
methods involving Ultra Cold Neutrons and maybe in the future
Bose-Einstein Condensates, which build interesting bridges
between particle physics and other sectors ofphysics.

Moreover, it is still a rather natural attitude to assume that extra
dimensions, ifthey play a role, would do so at much higher energy
scales, for instance the one of Grand Unification {GU). Many
studies follow that path and analyse what one or more extra dimen­
sions bring to the already very successful theories of
Supersymmetric GU. This complements the class of studies
which, to the symmetry group of GU, add other ones (a new U(I),
a new SU(3), etc.) whose role is to deal in particular with the mys­
tery ofthe triplication offamilies (i.e. the existence ofthe electron,
muon and tau families).

The hope is that these attempts, performedfrom"bottom to top",
i.e. from lowtowards high energies, and those, from"top to bottom",
ofSuperstrings [17] will meet one day and guide each other.
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superpartners explains why the "running speed" is different in
SUSY and in the SM.

SUSY is certainly a broken symmetry as no partner ofknown
particles with opposite spin-parity exists with the same mass.
These partners are assumed to be heavy, but not too much (few
hundred GeV to few TeV) as otherwise SUSY would no longer cure
the hierarchy problem. Furthermore the convergence of couplings
quoted above requires that the superpartners appear at relatively
low mass, say 1 to 10 TeV.

With the diversity ofthe possible SUSY breaking mechanisms*,
this theory presents a complex phenomenologywith many differ­
ent possible mass spectra for the supersymmetric particles. Its
minimalversion however offers a golden test: it predicts averylight
Higgs boson, i.e. <130 GeV in full generality (for mtop=175 GeV),
and <126 GeV once SUSY is broken, as it has to be, and in partic­
ular in all versions of Supergravity14 presently considered as the
reference points for future searches. This is a mass window that
LEP, with 80 additional (i.e. 30% more) superconducting accelerat­
ing cavities and the magnificent performances of the accelerating
field finally reached, could have explored and which stays as the
first objective of future programmes. IfSUSY represents the truth,
the LHC, or maybe, with much luck and considerable improve­
ments, the Tevatron, will discover it by observing, besides the light
Higgs boson, some supersymmetric particles. But a Linear Collid­
er will be needed to complete its metrology in the mass domain it
will give access to.

However, quite interesting new roads have appeared in recent
years.

One, the Little Higgs scenario, leaving aside the Big Hierarchy
problem (the one we introduced above) for the time being, tackles
first the Small Hierarchy one, namely the fact that LEP announces
a light Higgs boson while it pushes beyond several TeV the scale of
any new physics (except SUSY which can still be "behind the
door"): again the Higgs mass should be pulled to this high scale
and the fact that it is not calls for efficient cancellation mecha­
nisms to be at work. Keen to do without SUSY, this model, by an
aigebraic tour de force, manages to realize the compensations
needed by inventing new particles, a Z', a W', a new quark, etc., at
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Quantum Chromodynamics (QCD)
QCD is the modem version ofthe strong interaction.The numerous
experimental successes ofQCD [18],besides its natural simplicity (a
single parameter, the strong coupling "constant", ifone forgets the
quark masses), make it an exemplary theory. Most of the sectors of
particle physics feed QCD and need it. QCD is both turned towards
the domain of very high energies, where it exhibits "asymptotic
freedom"* , and towards the low energy hadronic world, where its
strong coupling at large distance leads to confinement ofquarks and
gluons. This evolution with the energy scale has been very clearly
demonstrated in the past decade (figure 4a).A1l QCD aspects, from
perturbative to non-perturbative, are actively studied and essential
to extract correctly the physics ofother sectors, EW measurements,
beautyphysics, heavy ions, etc. Nevertheless it is clear that all ofthem
still need much progress, in particular to meet the requirements of
future experimental programmes.

The QCD lattice simulations* built upon the basic principles of
the theory, have become fundamental tools, well established and
vital to many fields. The progress achieved is greatly due to that of
the computing means, but also to the improvements of the algo­
rithms and methods.

One of the few dark points concerning QCD seemed to be an .
excess of the production of beauty quark-antiquark pairs in vari­
ous types of collisions compared to the predictions of the theory.
However, new data and refined theoretical expectations show that
the problem seems to be fading away.

The values of the single parameter of QCD, its coupling con­
stant, extrapolated to the energy scale of the ZO mass, as(Mz),
obtained from very different sectors, are now well coherent. The
uncertainty on this quantity, after having considerably decreased,
is now stabilizing. Its absolute value, 0.118 ± 0.003, is in very good
agreement with what is required by the most elaborate versions of
Supersymmetric Grand Unification, including the effects appear­
ing at the Grand Unification scale.

The nucleon structure and the distributions of the quarks and
gluons inside it are better and better known and understood, espe­
cially thanks to HERA and in particular at the very small values of
the fractional momentum x carried by the constituents, a crucial
region since it will govern the production cross-sections at LHC.

However, when the spin intervenes, our understanding ofnucle­
ons is still poor. It is not yet clear how the spin ofa nucleon is shared
between its constituents. One is thus expecting from future polar­
ization programs [19], in particular polarized proton-proton
collisions in the RHIC collider at Brookhaven, a number of clarifi­
cations, in particular concerning the gluon helicity distribution, by
measuring processes at transverse momenta large enough for the
perturbative and computable version of QCD to apply.

It is important to underline that much remains to be done in
matters ofQCD ifonewants to enter the CERN Large Hadron Col­
lider (LHC) [20] era in optimal conditions, namely with a good
mastery of the SM prediction for the many different topologies that
searches will explore. Indeed before claiming for a discovery one

Asymptotic Freedom, Infrared Sla"ery: pic­
turesque ways to express the consequences ofthe
running of the strong coupling with the energy
scale.At large energies (small distanoes) the coupling
goes asymptoticallyto zero and the quarks inside
the nucleon react as free particleswhentheyarehit
But, at large separations (lowenergyor"infrared"
limit) the couplingbecomes strong and its effect
guarantees the confinement ofquarks and gluons.

CKM Matrix: in the SM the quark mass eigen­
statesare notthesameas theweak eigenstates,and
the matrix relatingthese bases was defined for six
quarks, and given an explicit pararneterizationby
Kobayashi and Maskawa, generalizing the four
quark case describedby a single parameter, the
Cabibbo angle. The mixing is expressed in terms
ofa 3X3 unitary matrix operating on the charge
-1/3 quark mass eigenstates d,s and b. The ele­
ments are thl< Vij quoted in the text. Their values
are determined by the weak decays ofthe relevant
quarks (i.e. Vcl> from beautysemileptonic decay
into charm) andbyneutrino scattering.

CP: symmetries represent a crucial aspect ofpar­
ticle physics. The invariance of the physical law
under spatial mirror symmetry P is maximally
violated by theWeakInteraction.The CP symme­
try, product ofP and ofthe charge conjugation C
which interchanges particleandantiparticle, isalso
violated by the Weak Interaction, a fact which is a
decisive one concerning our own existence, i.e.
the matter-antimatterasymmetryin the Universe.
Since the CPT symmetry is a sacred one in our
present vision ofthe physical world (and is exper­
imentally found to be exact), the time reversal
symmetry T has to be violated as welI by the
Weak Interaction (and is indeedfound to beso).

D.)Particles: these are narrowstates ofmasses
2317 and 2460 MeV; discoveredat the B-factories.
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Theyarelikelytobe P"waveleve1s ofthe Ds meson
system (charmed and strange) but the surprise
camefrom their mass, lower than expected.

Higgs Mechanism: the hypothetical mechanism
by which the elementary particles and in particu­
lar the ZO and W get their mass by interacting
with a field, the Higgs field. This is analogous to
the case ofsupraconductivity: in a supraconduc­
tor one can say that by interacting with the field of
Cooper pairs the photon gets a mass m and can­
not penetrate the supraconductor by more than
mol (Meissner effect). But this is just an analogy.
In the SM the Higgs boson is an elementary
Lorentz-scalar field. To fulfilits role, the Higgs field
must be a complex doublet in an abstract space
calledtheWeak Isospace.

Higgs Search: the direct search for the Higgs
hoson at LEP lookedfor the boson production in
associationwithaZOboson, e+e----7hoZo.The mass
reach at LEP2 was therefore approximately the
ultimate available center-of-mass energy minus
the Z mass (i.e.IlS GeVforthe 206 GeVof
LEP200). AHiggs boson ofsuch masses decays
mostly into beauty-antibeauty, hence the vital
role oftheb-tagging technique in this search.

Lattice QCD: at the scale ofthe hadronic world,
say 1 GeV; the QCD coupling constant is oforder
unity and perturbative methods fail. LatticeQCD
which is QCD formulated on a discrete Euclidian
space time grid provides a non-perturl>ative tool
for calculating the hadronic spectrum, etc, from
firstprinciples.Thediscreteness ofthe grid acts as
a non-perturbative regularizationscheme.

Pentaquarks: the present interpretation ofnewly
discoveredlight narrow baryon resonanoeswitha
manifestly non-standard content of quarks.
Diquarkstates maybe involved inbuiIdingthem.
This discoveryisveryinterestingandunder active

studybut probably does not call for any revolu­
tionary revision ofQCD.

Planc:kScale: the energyscale atwhichthe gravita­
tional interaction between individual particles,
negligIble at present scales,becomesas strongas the
other (unified) interactions.At that scale the theory
must then incorporate gravitation, neglected in the
SM. The problem is that, until the advent ofString
Theory, the theoryofgravity, Einstein's General rel­
ativity,and Quantum Theorywere not compatible.

SUSY Breaking Mechanisms: one does not
know exactly how this occurs, but one can"para­
meterize this ignorance" within a few scenarios.
The general idea is that the breaking occurs at
high energy scale in a"hidden sector:' and that
the breaking is transmitted to the observable
world by a"messenger:' In the much studied case
ofSUGRA, the messenger is simplygravity.

'Thu: thetau, discoveredin 1974, is the charged lep­
ton ofthe third (and last) family. Its mass is 1.777
GeV and its lifetime 0.291 ps. LEP and otherpro­
grammes have shown that, besides its heaviness,
the tau is"standard"and a mere recurrence ofthe
electron and muon. Being standard it canbe con­
sidered as a "laboratory": for instance its decay
modes into light hadrons are a precious source of
information on low energy hadronicphysics.

ZO, W±: the neutral and charged quanta ofthe
Weak Interaction. Discovered at CERN in 1983.
Studied in detail at LEP 1 and 2, respectively.
Masses:91.187S (21) and80.426 (34) GeV,respec­
tively. The Z mass was so accurately measured at
LEP (2.3 10-5) that itbecameone ofthe threebasic
entries ofthe SM,from which all other quantities
are computable at first order. The Z and W decay
into fermion-antifermion pairs,with branching
ratios accurately predictedby theSM.
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.... Fig./i;The tip (yellow) of the UnitaryTriangle as determined
from LEp, Kphysics, etc.The blue cones give the value of its angle
~ directly measured at BFactories.

should be confident with the estimate of the SM background. This
remark is particularly true for the indispensable Monte Carlo pro­
grams needed to simulate the expected observations.
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Triangle through the measurement of its sides made during the past
decade at LEP and elsewhere, from B and K physics results (figure
6). This is another major success ofthe SM. However, revealing new
phenomena through B physics calls for a still much better accuracy.

The roadmap, concerning the second round of measurements,
defines an ambitious programme, involving many different decay
modes ofbeauty and extremely demanding from the experimental
(luminosity needed, control of systematics, etc.) as well as from
the theory side: the hadronic uncertainties must be controlled,
since the b quark under study is irredeemably confined inside
beautymesons, and one must obtain a reliable estimate ofthe con­
tribution from loop diagrams complicating the process, the famous
"penguins" (figure 2d), which represent both an embarrassing
"pollution" and a promise, since it is in their loops that new physics,
like Supersymmetry, could appear.

The kaon rare modes [22] also allow one to build another Uni­
tarity Triangle through K+~1t+VV, KL~Illl, KL~1tOvv, r&e+e-, etc.
Several recent results and the promise offered by future experi­
ments like CKM in Fermilab go in the right direction.

Finally, the muon rare modes are equally promising and the
expected performances very impressive indeed: Il~eywitha sen­
sitivity per event of 10-14 at PSI, conversion Ile in nuclei at 2 10-17 in
MECOatBNL.

Heavy flavours
We recall that, in the jargon ofparticle physics, this corresponds to
the physics ofheavy quarks of the second, strangeness and charm,
and especially third (beauty and top) generations. The heaviness
of these quarks offers a simplified approach to the spectroscopy of
hadrons containing them. Concerning the few symbols used below,
Bdenotes a beautymeson (a beauty quark and a light antiquark, or
vice-versa), while Bs is a meson containing beauty and strangeness.
We recall that the $ is a narrow strange-antistrange bound state,
while the Jf,!, is the equivalent for charm. Ks (Kd is the short
(long)-lived neutral strange meson.

The progress ofheavy flavour physics, especially ofbeautyphysics
is impressive. One must first underline the remarkable performances
ofthe e+e- BeautyFactories, PEPB (detector BaBaR) at SLAC, and in
particular KEKB (detector BELLE) in Japan, the first machine to
deliver a luminosity of 1034 cm-2s-1 (the luminosity, multiplied by
the cross-section of a given process, gives the rate of corresponding
events). These colliders sit on the Upsilon(4S) resonance shown in
figure 1, decaying into beauty meson-antimeson pairs.

In the study of the CKM matrix.* defined above, the highlight is
the determination of the so-called Unitarity Triangle [7]. In the
SM, the unitarity of the CKM matrix, expressed in a graphical
way, leads to the figure of a triangle, one for each of its rows and
columns. This is because one of its four parameters is a non-zero
phase, so that the CKM matrix. is complex. Among the 6 unitarity
relations, the"d-b" one,VudVob*+VaNcb*+VtrlVtb*=0, is particular­
ly interesting because the three sides of the corresponding triangle
(figure 5) have similar sizes. The length of its sides and its angles
can be extracted from various measurements in the field of heavy
flavour physics, and in particular of beauty physics. With enough
ofthese measurements one can build this triangle in different ways:
thus one can check that the result is unique, and, first ofall, that one
is indeed dealing with a triangle and not a more complicated situ­
ation that theories beyond the SM may announce.

It is clear that a very successful first round of experiments has
been accomplished [21,7]. The direct measurement at Beauty Fac­
tories of one of the angles (called ~ or $I,depending on the
continent... ) via the theoretically very clean mode B~Jf,!, Kg is in
excellent agreement with the determination of the tip of the
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Heavy ions
In the Big Bang model the transition from free quarks to hadrons
occurred at a few microseconds. High energy heavy ions collisions
are under study, to find evidence for the reverse step, i.e. the fusion
ofnucleons into a quark-gluon plasma (quagma) [23].

Fresh results are coming from the RHIC collider in Brookhaven,
concerning Au-Au collisions up to 200 A GeV and have brought a
few "surprises" concerning the properties of the hot and dense
medium thus produced. The quote expresses the fact that some of
them were actually predicted long ago.

The chemical freeze-out (at which the identity ofthe particles is
fixed) occurs at 175 MeV (the Hagedorn temperature [24]), as at
the CERN SPS, but the medium is now nearly baryon-free. The
kinetic freeze-out (at which their kinematics is fixed) happens near
100 MeY. The medium undergoes an explosive expansion at a
speed of 0.6 c, and shows a strong anisotropy of transverse flux,
suggesting a hydrodynamic expansion due to very strong pressure
gradients developing early in the history of the collision. Remark­
ably, the collision zone is opaque to fast quarks and gluons and
this has a strong impact on hard phenomena: suppression of
hadrons produced at large PT, jet "quenching", i.e. the decrease of
their rate of production, phenomena which are not observed in
control collisions D-Au. Several questions concerning the Han­
bliry-Brown-Twiss (HBT) correlations (a concept borrowed from
astronomy), e.g. the size of the collision zone, or the fate of charm
in this opaque medium, etc. have still to be clarified.

However the most prominent signatures which could reveal a
quark-gluon plasma are not yet available from RHIC and it is from
the CERN Super Proton Synchrotron that results are still coming.
In particular, the experiment NA45 confirms that the excess oflow
mass e+e- pairs, m..>0.2 GeV, implies a modification of the p reso­
nance in the dense medium, probablylinked to its baryonic density.
The suppression of the production of the Jf'!', the lowest bound
state of charm and anticharm, which could signal its fusion in the
quagma [25], is confirmed by the analyses ofNA50 and keeps all its
interest. Unfortunately no unique prediction of this effect exists for
RHIC and LHC. Data are needed: the next ones should come from
PHENIX at RHIC and from NA60 at the CERN SPS.
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Physics in daily life:
Hear, hear...
L,f.E Hermans, Leiden University, The Netherlands

Even a tiny cricket can make a lot of noise, without having to
"refuel" every other minute. It illustrates what we physicists

have known all along: Audible sound waves carryverylittle energy.
Or, if you wish: the human ear is pretty sensitive-if the sound
waves are in the right frequency range, of course.

How exactly our ears respond to sound waves has been sorted
out by our biophysical and medical colleagues, and is illustrated
by the familiar isophone plots that many ofus remember from the
textbooks. They are reproduced here for convenience. Each iso­
phone curve represents sound that seems to be equally loud for
the average person.

The figure reminds us that the human ear is not only rather sen­
sitive, but that it also has an astonishingly large range: 12 orders of
magnitude around 1 kHz. This is, in a way, a crazy result, ifwe
think of noise pollution. It means that ifwe experience noise loud
enough to reach the threshold of pain, and we assume a 1/fl decay
of the sound intensity, we would have to increase the distance from
the source by a factor of 106 to get rid of the noise. Or, ifwe
stand at 10 m from the source, we would ------.

1lI,w1(,6cP
have to walk away some 10 000 km. -....

All this assumes that the attenuation /:fj Sa<ND .-PT
can be neglected, since we have been ~
taught that sound wave propagation is an
adiabatic process. Obviously, real life isn't
that simple. There are several dissipative
terms. For example, think of the irreversible
heat leaks between the compressed and the
expanded areas: the classical absorption
coefficient is proportional to the fre­
quency squared, which makes distant
thunder rumble. Then there is
attenuation by obstacles.
There is the curvature of the
earth. There is the curvature of the
soundwaves themselves, usually away
from the earth due to the vertical tempera­
ture gradient.Without loss terms like these, forget a solid sleep.

Asecondfea4U'e worth noticing is the shape ofthe curves.Where- ~

as the pain threshold is relatively flat, the threshold of hearing ~.

increases steeply with decreasing frequency. Ifwe turn our audio g
amplifier from ahigh to a lowvolume,we tend to loose the lowest fre- ~
quencies. The"loudness"control is supposed to compensate for this. ~

Finally, it is interesting to notice the magnitude of the sound if
intensity. How much sound energy do we produce when we i
speak? Let us assume that the listener hears us speak at an average ~

sound level of60 dB, which corresponds to 10-6W1m2 as seen from ~

the right-hand vertical scale. Assuming that the listener is at 2 m,
the sound energy is smeared out over some 10 m2• This means
that we produce, typically, 10-5 W of sound energy when we talk.
That is very little indeed. During our whole life, even ifwe talk day
and night and we get to live 100 years, we will not talk more than
106hours. With the above 10-5 W, this means a total of 10Wh. Even
with a relatively high price of50 EurocentslkWh, this boils down to
less than one cent for life-long speaking. Cheap talk, so to speak.
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Martin C.B. Huber, BPS President

membership

becomes more
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The text reproduced on pages 88-95 was approved by the EPS
Council on 27 March 2004. It will come into effect 40 days after the
date of the appearance of Europhysics News, Volume 35 no.3,
unless one eighth oftheOrdinary Members reqllestthatthe
decision by Council to amend the Constitution and By-laws be
submitted to a ballot of a General Meeting.The members ofthe
Society would then be requested in a ballot by mail to adopt the
Constitution and By-laws as amended.

Individual Members is now being
introduced: in future, Individual ......_ ............
Members will pay their fee to
the EPS via their National ~__j

Physical Society. In practice,
the forms for the annual
renewal of membership in
the National Physical Soci­
eties will have an extra 'box',
where individuals can express
their wish to become an Indi- "(IIII_..~.._..r-_",
vidual Member of the EPS.

It is hoped that the clearlydefined
privileges of Individual Members and
the much-reduced fee will attract more Individual Members to the
EPS, so that the loss of income through the lower fee will be com­
pensated by a larger number of Individual Members. It is generally
thought that the younger generation believes more strongly in
European ideals than the older generation, where certain scepti­
cism against matters European may still prevail. The number of
"Individual Ordinary Members" has, in fact, grown over the past
few years, in spite of the rather high fee. This lends credence to the
expectation that the number of Individual Members will increase
with the new conditions.

As mentioned, Council also concluded the long debate about the
unit fee, which is the basis for financial contributions to the EPS.
In an Annex, the Constitution now contains the provision for a
'stepped unit fee'. This new instrument had to be introduced,
because the two large Member Societies of the EPS, i.e., the
'Deutsche Physikalische Gesellschaft' (DPG) and the 'Institute of
Physics' (loP) in the United Kingdom, had mounted higWy suc­
cessful membership drives so that the size of their combined
membership grew to nearly 80% of the membership ofall the EPS
Member Societies. Accordingly, contributions that were strictly
proportional to the actual number of their members would have
led to an undesirable dominance of financial contributions from
these two large Member Societies.

A corollary ofthe successful membership drives ofthe DPG and
the loP is that the medium-sized and smaller Member Societies of
the EPS should now also try to attract more members-this is the
only way to restore a certain balance vis-a.-vis the larger societies.
The 'WorldYear ofPhysics 2005' is a wonderful opportunity to start
such efforts.

I am very grateful to the members of Council that they adopted
the new unit fee. This will make it possible for the EPS to improve
its services, especially in the field ofcommunications. I am sure that
under the guidance ofthe Executive Committee the Secretariats in
Mulhouse and Budapest will do this as efficiently and economical-

. lyas possible.-

the right to vote at General Meetings,
the right to elect Council Delegates representing the Individual
Members,

• the right to hold office in the Executive Committee,
the right to hold office in Divisions and Groups,
Europhysics News are sent directly to their specified address,
reduced registration fees at conferences organised by the EPS
and its Divisions and Groups,

• benefits based on agreements with Collaborating Societies, and
• inclusion in the EPS Directory.

Moreover, Council may elect Individual Members, whose achieve­
ments in physics or whose commitment to the EPS warrants
specific recognition, to be EPS Fellows. This will be a distin­
guished title-it may be awarded only to 5% of all Individual
Members.

To streamline the administrative process, a straightforward pro­
cedure guaranteeing payment as well as updated information for
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Council approves a new
Constitution and unit fee

I n its 2004 meeting, held in Mulhouse on March 26 and 27, the
Council of the European Physical Society concluded the long­

standing discussion of two substantial items: Council approved a
thorougWy revised Constitution with new By-laws, and Council
also adopted a revised unit fee. These votes are bound to have
major, positive consequences for the further development of our
Society.

Here I want to higWight just a few features of the new EPS Con­
stitution and By-laws. First of all: they are more easily readable.
Some of the arcane terminology of the previous versions has dis­
appeared. The former "Ordinary Members according to Art. 4b",
for example, which actually were the National Physical Societies
that had joined the EPS, are now called Member Societies and the
"Individual Ordinary Members" have become Individual Mem­
bers. At the same time, the annual fee for Individual Members has
been noticeably reduced from the previous amount of 36.4 Euros:
those who belong to a Member Society
pay now 20 € (or 15 €, if they are below

age 30, or are retired). Students and Ind',v',dual EPS
teachers may now also join the EPS as
Individual Members; they pay 15 €, and
need not belong to a Member Society.

On the other hand, individuals who
are currently enrolled in EPS Divisions
and Groups as "National Society Mem­

bers" will be able to maintain that kind attractive
of membership only until the end of this
year. This will have no negative financial
impact; rather the contrary, because
"National Society Members" paid no extra fee, yet, keeping track of
such members was a difficult task and considerable administrative
burden. .

The new By-laws define the privileges of Individual Members
as follows:
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Constitution of the European Physical Society
which, in the SOCIETY's opinion, make a signif­
icant contribution to science in Europe may be­
come Member Societies.

Article 4
Obligations and Liability

1. Membership of the SOCIETY implies strict
adherence to the Constitution, to the By-laws
and to any lawful decision made or to be made
by the organs or officers of the SOCIETY.

2. Members of the SOCIETY are not personally
liable for the debts and liabilities ofthe SOCIETY.

3. The SOCIETY is onlyliable to the extent ofits
assets.

Article 5
Termination of Membership

5. Associate Members
The SOCIETY may admit national or interna­
tional organisations, research institutes, indus­
trial companies, publishers, universities, similar
organisations and individual donors as Associ­
ate Members.

1. Membership terminates:
a) on withdrawal;
b) ondeath;

c) on failure to pay membership fees;
d) on expulsion.

2. The procedure for the termination of mem­
bership is regulated by this Constitution and by
the By-laws.

3. Individual Members
The following individuals maybecome Individ­
ual Members of the SOCIETY:
a) individuals who are a member ofa Member

Society;

b) individuals who are a member ofa society
which is not a Member Society but has
been approved by the SOCIETY as a Collab­
orating Society;

c) individuals who have shown by their con­
tribution to science, by their professional
activity or otherwise to the SOCIETY's satis­
faction, that they can further the object of
the SOCIETY;

d) students enrolled in physics or physics­
related degree courses;

e) teachers of pre-university physics and
physics-related subjects.

3.1 The SOCIETY may elect as EPS Fellows Indi­
vidual Members whose achievements in physics
or commitment to the SOCIETY warrants spe­
cific recognition.

4. Honorary Members
The SOCIETY may elect individuals who have
made an outstanding contribution to the ad­
vancement of physics by independent, original
research or have rendered significant services
towards the progress of physics to Honorary
Members of the SOCIETY.

BERSHIPI

1. The membership of the SOCIETY shall con­
sist of Member Societies, Individual Members,
Honorary Members and Associate Members. All
members ofthe SOCIETY shall have the rights and
responsibilities as defined by this Constitution
and bythe By-laws.The procedure for the admis­
sion ofmembers is regulated by the By-laws.

2. Member Societies
International and national physics-related soci­
eties organised or existing under the laws of the
state of their incorporation or of their seat and

Articl~l

Nam~,Duration,Seat,Communication

1. Under the name of"European Physical So­
ciety" (hereinafter the SOCIETY), an association
has been organised and incorporated; it is gov­
erned by the Art. 21 and the following ofthe Lo­
cal Civil Code (Alsace/Moselle) and by the pre­
sent constitution. It is registered at the Tribunal
d'Instance, Mulhouse.

2. Its duration shall be perpetual.

3. Its seat is at F-68100 Mulhouse, France.

4. All communications of the SOCIETY to its
members maybe made through its Official Mag­
azine. The By-laws determine which publication
of the SOCIETY is considered as the Official
Magazine as well as the details for communica­
tion with and information to the members.

1. The object of the SOCIETY is and shall be to
contribute to and promote the advancement of
physics, in Europe and in neighbouring coun­
tries, by all suitable means and in particular:
a) by providing a forum for the discussion of

subjects ofcommon interest;

b) by providing means whereby action can be
taken on those matters which appear desir­
able to handle on the international level.

Article 3
Types of Members - Definition

2. In order to fulfil its object, the SOCIETY shall
act either directly or through its members or
through Divisions and Groups created by its
members or through corresponding or affiliated
societies or similar bodies.

I. GENERAL RCLES

5. All communication required to be in writing
may be made in paper or electronic form.

Article 2
Object of the Society
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Ill. ORGANISATION & STRUCTURE

Article 6
Organs of the Society

1. The organs of the Society are:
a) the General Meeting;

b) the Council;

c) the Executive Committee;

d) the Secretariat;

e) the Auditors.

2. The competence and structure of the organs
are defined in the provisions of this Constitu­
tion.

Article 7
Other Bodies ofthe Society

1. The SOCIETY may establish Divisions that
normally focus on specific disciplines ofphysics.

2. The SOCIETY may establish Groups that nor­
mally focus on general issues in physics.

3. Individual Members may become members
of Divisions or Groups.

4. The competence, rights, privileges and struc­
ture of Divisions and Groups are defined by the
provisions of this Constitution and the By-laws.

5. Organisational provisions in Divisions and
Groups shall be fixed in By-laws of the relevant
Division or Group. To the extent where no such
provisions are made and adopted by the Divi­
sion or Group, the provisions of this Constitu­
tion are considered as applicable to the internal
organisation ofa Division or Group. In this case,
each member ofa Division or Group shall have
one vote.

IV. THE GENERAL MEETING

Article 8
Structure of the General Meeting

The General Meeting consists of all Members of
the SOCIETY.

Article 9
Competence ofthe General Meeting

1. The General Meeting is the supreme author­
ity of the SOCIETY.

2. The General Meeting has all such powers as
have not been conferred upon the Council or
upon another organ under the present Consti­
tution.

3. The General Meeting may be called to take
decisions and resolutions in matters relating to
modification of the Constitution and By-laws in
accordance with Art. 11.

4. The General Meeting has exclusive authority
to dissolve, wind-up or merge the SOCIETY.
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Article 10
Meetings ofthe General Meeting

1. General Meetings
a) An Ordinary General Meeting shall be held

at least every three years.

b) Extraordinary General Meetings shall be
held: (i) on the discretion of the Executive
Committee; (ii) ifdemanded by the Coun­
cil; (iii) at the request of at least 20 % of the
Individual Members by written notice
served on the Secretary General and con­
taining the precise items to be discussed;
(iv) if requested by at least 12.5% of Mem­
bers in accordance with the provisions of
this Constitution for amendments to the
Constitution proposed by Council.

2. Call for a Meeting
a) General Meetings shall be called by the Sec­

retary General.

b) General Meetings also may be called by the
Executive Committee if the Secretary Gen­
eral fails to send the call immediately after
the request by the Executive Committee.

c) Summoning ofa General Meeting shall be
effected in writing to each member or by
publishing in the Official Magazine of the
SOCIETY stating the place, date, time and
agenda of the meeting. All supporting in­
formation shall be attached, especially re­
ports of the Executive Committee or Secre­
tary General, annual accounts or draft reso­
lutions. The Secretary General must submit
the proposals of the Executive Committee.

d) Members shall receive six months' notice of
the date, venue and preliminary agenda for
General Meetings. The final agenda for
such General Meeting and all supporting
information shall be communicated with
three months' notice.

3. Place of the Meeting
a) The Executive Committee shall determine

the venue for General Meetings.

4. Attendance and representation
a) Individual Members and Honorary Mem­

bers shall attend in person. Member Soci­
eties and Associate Members shall be repre­
sented by the person named in writing
from time to time to the SOCIETY as its
representative.

b) At the opening of a General Meeting a reg­
ister of attendance shall be completed.

c) Members present or represented are men­
tioned in this Constitution jointly as "repre­
sented".

5. Chair
The meeting is chaired by the President of the
SOCIETY, in his/her absence by another mem­
ber of the Executive Committee. In the eVent
that the President has not named the chairman
in his/her absence, the Executive Committee
shall appoint the chairman from amongst its
members. The chairman of the meeting shall ap­
point the secretary for the meeting.
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6. Quorum and formal requirements
a) The General Meeting has a quorum to pass

resolutions ifat least 50 Members are repre­
sented. In the event ofless than 50 Members
being represented, another General Meeting
with the same agenda shall be convened im­
mediately and be held within three months
after the second call. This new General
Meeting will have a quorum, irrespective of
the number of Members represented.

7. Voting
a) Voting in general shall follow the rules set

out below under Art. 11.

b) Votes in a General Meeting shall be taken
by show ofhands unless a secret ballot vote
is requested by simple majority. All votes
concerning the election of persons shall be
by secret ballot unless a vote by a show of
hands is requested by unanimous decision
of the represented Members.

8. Records
a) The course of the General Meeting shall be

recorded in minutes, stating the place and
date of the meeting, attendees, subjects of
the meeting, the nature of the discussion
and the resolutions. The minutes shall be
signed by the chairman of the meeting and
the secretary and be filed together with the
register of attendance and powers in the
General Meetings Register of the SOCIETY.
Copies and extracts shall be certified by the
Secretary General. Each Member shall re­
ceive a copy of the minutes.

b) The minutes can be contested only in ac­
cordance with the rules of the Constitution
for the contest of a resolution as set out be­
low under Art. 11.

Article 11
Resolutions of the General Meeting

1. Decision making process and resolutions
a) A decision of the General Meeting shall be

made as a resolution of the members.

b) As a matter of principle resolutions shall be
taken during a General Meeting.

c) Resolutions may also be adopted by pro­
ceedings in writing if no statutory provi­
sions require a specific form.

The quorum for resolutions in writing re­
quires at least 20% of the Members entitled
to vote in the General Meeting returning
valid ballot papers.

Notwithstanding the above, any resolution
brought by Members according to Art. 16
requires a vote in which at least 50% of the
members participate.

Any decision about the dissolution of the
SOCIETY is not allowed in proceedings in
writing but requires attendance at a Gener­
alMeeting.

d) The term "General Meeting" used in the
Constitution or in the By-laws refers equal­
ly to a meeting of members or to a consul­
tation or voting in writing.
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2. Votes and Majority Requirements
a) Each Member present shall have one vote.

b) Decisions to dissolve, wind-up or'merge
the Society require a 2/3 majority.

c) Resolutions relating to changes to the Con­
stitution require a 2/3 majority, except for
modifications to the membership fees,
which follow the rules set out in Art. 15.

d) All other resolutions require a simple ma-
jority.

3. Contesting of Resolutions or Minutes
Resolutions or minutes can be contested by a
Member within a period of one month after re­
ceipt ofminutes in writing. If no contestation is
received within this period, resolutions or min­
utes shall be deemed to be accepted.

V. THE COUNCIL

Article 12
Structure ofthe Council

1. The Council shall be composed of delegates
of the members as follows:

Type ofmember or body Delegates

a) Member Societies I (one) per
MemberSociety

b) Individual Members 5 (five) in total

c) Divisions and Groups I (one) per
Division or Group

cl) Associate Members 5 (five) in total

2. Normally the nomination ofa delegate shall
be made for a term of four years.

3. A former delegate who has served for a total
period of four years normally shall not serve
again before three years after the end of his/her
term as delegate.

4. In case a delegate is unable to execute his/her
office for an interim period he/she shall be rep­
resented by a substitute to be nominated by the
relevant member or body. If the relevant mem­
ber or body deems necessary, it is free to replace
its delegate.

5. The Council shall take office in accordance
with the rules set forth in the By-laws.

6. The proceedings for the nomination of the
delegates of the different types ofmembers and
bodies shall be defined in the By-laws.

7. Members of the Executive Committee can­
not be members of the Council except that the
President of the Executive Committee shall be
the Chairman of meetings ofCouncil, and shall
have a casting vote in accordance with Art. 15,
para.2e).

Article 13
Competence ofthe Council

1. The Council has all such powers as are gener­
ally exercised by the General Meeting. In partic­
ular, it has the delegated powers to:
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a) Adopt and Modify the Constitution and
By-laws; ,

b) Adopt, Modify and Annul By-laws for Divi-
sions and Groups;

c) Elect members to the Executive Committee;

d) Appoint the auditors;

e) Accept new Members and elect EPS Fellows
and Honorary Members; Individual Mem­
bers category 3(a) and 3(b) shall be accept­
ed upon nomination by the corresponding
Member Society or Collaborating Society;

f) Accept Collaborating Societies;

g) Expel Members;

h) Determine the annual Member contribu-
tions;

i) Accept reports of the Executive Committee;

j) Approve the annual accounts;

k) Accept gifts to the SOCIETY;

1) Establish or adopt Divisions and Groups.

Article 14
Meetings of the Council

1. The Council shall meet not less than once a
year.

2. A Meeting of the Council shall be held upon
the request of 20% of its delegates or upon re­
quest of the Executive Committee.

3. In a meeting a quorum of the Council shall
be the first whole number equal to or greater
than 50% ofthe total number ofDelegates in the
Council.

4. A member may be represented by another
member. A member may not represent more
than two other members. The power of repre­
sentation has to be submitted to the General
Secretary in writing.

5. Additional provisions on the structure and
the organisation of the Council may also be de­
fined in By-laws.

ArtiCle 15
Resolutions of the Council

1. Decision making process and resolutions
a) A decision of the Council shall be made as

a resolution of the Delegates.

b) As a matter of principle resolutions of the
Council shall be taken during a meeting.

c) Resolutions of the Council may also be
adopted by proceedings in writing if no
statutory provisions require another specif­
ic form. No decision concerning an amend­
ment of the Constitution may be made by
the Council in writing.

d) The quorum for resolutions in writing re­
quires at least 75% ofthe Delegates to return
valid ballot papers; the number ofvotes al­
located to those members is irrelevant for
purposes ofdetermining the quorum.

2. General Votes
For all matters other than determining mem­
bership fees, Delegates have votes as follows:

Delegates Votes per
Delegate

a) Delegates ofMember Societies
corresponding to a total
membership of

1- 1000 1
1001 - 2000 2
2001 - 5000 3
5001 - 10 000 4

10 001 - 20 000 5
20001 - 30000 6
30001 - 40000 7
Greater than 40 000 8

b) Delegates of Individual Members 2

c) Delegates ofDivisions or Groups
in total correspondingto atotal
membership of(Members in the
relevant Division or Group)

50 - 200 1
201 - 400 2
401 - 750 3
Greater than 750 4

d) Delegates ofAssociate Members 2

e) The President of the Society shall have a
casting vote in case of a tie.

3. Votes in Decisions on financial contributions
of members
a) In decisions on membership fees for indi­

vidual Members and Member Societies, the
Delegates of these members have votes equal
to the total units assessed according to the
By-laws. The votes attributed to Individual
Members in this paragraph will be distrib­
uted equally among the Individual Member
Delegates. Delegates ofDivisions and
Groups and Delegates ofAssociate Members
have no vote in decisions on fees ofIndivid­
ual Members and Member Societies.

b) In decisions on fees ofAssociate Members
the voting rules as under Art. 15, para. 4.
shall apply.

4. Majority Requirements
a) All decisions of the Council require simple

majority unless specifically stated in the
Constitution to be otherwise.

b) Resolutions on the amendment of the Con­
stitution or the By-laws require a qualified
majority of at least 2/3 of the votes cast in
accordance with Art. 15, para. 2.

c) Resolutions on membership fees for Individ­
ual Members and Member Societies require a
qualified majority ofat least 3/4 of the votes
cast in accordance with Art 15,para. 3a).

Article 16
Special Proceedings on Constitution

1. Any proposal of amendment of the Consti­
tution shall be sent to all members of the SOCI­
EIT through the Secretary General, at least three
months before the meeting of the Council,
which shall decide upon such a proposal.
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2. The Secretary General shall communicate
such decision without delayby mail to all mem­
bers of the SOCIETY or in the Official Magazine
or by such other methods of communication
satisfying the principle ofwide dissemination as
the Council may decide.

3. Ifwithin 40 days ofsuch communication the
Executive Committee or 15% of the existing
Members of the SOCIETY request the relevant
decision be submitted to a decision of the Gen­
eral Meeting the Secretary General must organ­
ise such a consultation.

4. The ballot in this case of the General Meet­
ing shall be made in writing.

----

VI. rHE EXECL' fiVE COMMIT rEE

Article17
Structure of the Executive Committee

1. The Executive Committee shall be elected by
the Council, normally from the Council's own
members; it shall consist of eleven members:

a President who shall also be the President
of the SOCIETY and the Chairman of the
Council;

a Vice-President, or President-elect;

a SOCIETY Secretary;

a SOCIETY Vice-Secretary;

a Treasurer;

a Vice-Treasurer;

five other members.

2. The President shall be in office for a term of
two years. He/she shall serve as President-elect
for one year prior to taking up the office ofPres­
ident. He/she may also serve for one further year
as Vice-President following completion of the
term as President. No person may serve more
than one term as President.

3. Members of the Executive Committee shall
be elected for a term of two years, for a maxi­
mum of two terms.

4. Any break in continuityofservice in the Ex­
ecutive Committee shall be for a minimum pe­
riod offour years. This provision does not apply
to any member of the Executive Committee
nominated as President-elect.

5. Members of the Executive Committee shall
take part, ex officio, in the meeting of the Coun­
cil. They shall have no voting right (except the
President who shall have a casting vote in accor­
dance with Art. 15 para. 3.)

Article 18
Competence of the Executive Committee

1. The Executive Committee governs and rep­
resents the SOCIETY and shall have general
charge of all matters of interest to the SOCIETY.
2. The Executive Committee is empowered to:
a) fulfil the object of the SOCIETY as it is de­

fined in Art. 2;

b) administer the assets and property of the
SOCIETY;
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c) summon the meetings of the Council and
of the General Meeting;

d) organise ballots and consultations as neces­
sary;

e) appoint committees entrusted with special
tasks within the general framework of the
SOCIETY;

f) sponsor and supervise divisions and
groups organised within the SOCIETY by its
members in accordance with the By-laws;

g) appoint delegates or representatives of the
SOCIETY to scientific Conferences or meet­
ings;

h) carry out decisions of the Council and of
the General Meeting;

i) present to the Council or to the General
Meeting as necessary annual and other re­
ports and a financial report together with
the auditor's report;

j) appoint the Secretary General;

k) negotiate terms and conditions with
physics related societies for the purpose of
conferring Collaborating Society status;

I) fulfil any other tasks which may be delegat­
ed to it by the General Meeting.

Article 19
Representation of the SOCIETY

1. The SOCIETY is bound by the signature of its
President or, should the President be prevented
from signing, oftheVice-President or President­
elect together with the signature of another
member of the Executive Committee.

2. Should the President of the Society be un­
able to fulfil his/her obligations as President, or
should the SOCIETY find itself without a Presi­
dent, the Executive Committee shall have the
right to elect an Acting president from among
its members who shall remain in office until the
next Council meeting.

Article 20
Organisation of the Executive Committee

The details of the organisation of the Executive
Committee are set forth in the By-laws.

\'11. :-,ECRFTARIAT

Article 21
Administration of the SOCIETY

1. The Secretariat is the administrative body of
the SOCIETY.

2. The Secretariat is directed by the Secretary
General who shall be responsible for the admin­
istrative matters of the SOCIETY. The Secretary
General establishes the minutes containing the
deliberations and decisions ofthe General Meet­
ing, the Council and the Executive Committee.

3. The details of the organisation of the Secre­
tariat are set forth in the By-laws.
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Article 22
Appointment and Responsibility

1. The Council appoints from time to time a firm
ofstatutory auditors, who shall report on the ac­
counts of the SOCIETY. The Council may also
appoint at its discretion two individuals from
among its members to act as auditors. These au­
ditors may at all times require that the books and
all relevant docUments or reports be presented
to them and they may examine the cash and fi­
nancial situation.

2. The statutory auditors may be re-elected.

IX. RESOURCES

Article 23
Resources, Funds,Bodies

1. The resources of the SOCIETY consist of:
a) dues paid by members;

b) possible gifts, bequests and legacies;

c) subsidies or grants which may be awarded
to it by public or private bodies;

d) any other resources which may derive from
its own activities.

2. In order to fulfil its purpose and to secure its
functioning, the SOCIETY may at all times con­
stitute or organise separate or independent
funds or bodies and give them an appropriate
legal structure.

3. The details of the annual dues and the units
are set forth in the By-laws.

Article 24
Financial Year

The financial period shall be the calendar year.

x.. WINDING-UP OF THE SOLIETY

Article 25
Procedure and Assets

1. The winding-up or merger of the SOCIETY
may be decided only by an extraordinary Gen­
eral Meeting, formally summoned for this spe­
cial occasion.

2. In the event of the SOCIETY being wound up,
the assets remaining after discharge of all debts
shall be transferred to a body or bodies having
aims similar to those of the SOCIETY.
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By-laws of the European Physical Society
Based on the versions ofVienna, 14]uly 1969 (initial version)
Leiden, 28 March 1998 (revised version)
and modified as a draft proposal (16 December 2003)

I. COMMUNICATIONS

RULE 1

1. The Official Magazine of the SOCIETY is
"Europhysics News".

2. All communications to the membership de­
fined as"in writing" in the Constitution and By­
laws may be replaced by publication in a special
section ofEurophysics News.

3. The special section in Europhysics News is
published under the responsibility of the Exec­
utive Committee.

4. The Secretariat shall distribute Europhysics
News individually to the Individual Members,
Honorary Members and Associate Members.

5. Member Societies shall receive and distrib­
ute Europhysics News. Each Member Society
will receive one copy of Europhysics News per
Effective Member and per student. Iffor techni­
cal reasons they cannot distribute Europhysics
News, the Secretariat of the SOCIETY will pro­
vide distribution service upon payment. Mem­
ber Societies with a significant national bulletin
distributed at least 10 times a year which do not
wish to receive Europhysics News shall publish
the special section on news of the SOCIETY as
provided by the Secretariat in their own mem­
bership journal.

11. MEMBERSHIP

RULE 2

1. Individuals applying for membership shall
do so on the standard application form, which
shall be signed by two Individual Members, or
by two members of the governing body of the
relevant Member Societyor the relevant Collab­
orating Society.

2. Teachers and students applying for Individ­
ual Membership, who are neither member of a
Member Society nor ofa Collaborating Society
and do not have access to Individual Members
are required to submit a statement from their
educational institution attesting to their quality
as a teacher or student as the case may be.

3. Individual Members shall have the following
privileges:

The right to vote at General Meetings;
The right to elect Individual Member
Council delegates;
The right to hold office in the Executive
Committee;
The right to hold office in Divisions and
Groups;
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Europhysics News sent directly to their
specified address;
Reduced registratiol) fees at conferences or­
ganised by the SOCIETY and its Divisions
and Groups;
Benefit from agreements with Collaborat­
ing Societies;
Inclusion in the SOCIETY's directory.

RULE 3

1. Societies eligible for membership as Mem­
ber Societies shall accompany their application
with copies of their constitution and By-laws
and ofsuch additional documents as the Coun­
cil may require.

2. Member Societies shall have the following
privileges:

The right to vote at General Meetings;
The right to be represented and vote at
Council;
The right to receive a number of copies of
Europhysics News as described in Rule 1.5;
Members of Member Societies may partici­
pate in Divisional and Group activities of
the SOCIETY.

3. Member Societies shall have the following
responsibilities:

Disseminate information received from the
SOCIETY of interest to the European
Physics Community to their members us­
ing normal communication channels;
Advertise on membership forms that Individ­
ual Membership ofthe SOCIETY is possible;
Collect and pay to the SOCIETY fees re­
ceived from its members for membership
in the SOCIETY according to Art. 3.3(a) on
an annual basis;
Transmit in a predefined format contact coor­
dinates for members who have become mem­
bers ofthe SOCIETY according toArt. 3.3a).

RULE 4

Council shall elect Fellows of the SOCIETY. Fel­
lows of the SOCIETY shall have the same rights
and duties as Individual members. The total
number of Fellows at anyone time should not
exceed 5% ofthe total of Individual Members of
the SOCIETY.

RULES

Council shall elect Honorary Members. Hon­
orary Members shall have the same rights as In­
dividual Members of the SOCIETY. The total
number of Honorary Members at anyone time
shall not exceed thirty.

RULE 6

Council shall admit Associate Members. Asso­
ciate Members shall have the right to send em­
ployees to scientific meetings and take out one
subscription to the publications ofthe SOCIETY
at a reduced rate. Associate Members shall be
represented in the Council according to Article
15.2d) of the Constitution.

RULE 7

All new Members who are elected or admitted
shall be informed by the Secretariat of their elec­
tion or admission and shall receive from the Sec­
retariat copies of the relevant documents.

RULES

No election or admission of Members shall be­
come effective until the relevant fees have been
paid.

RULE 9

In the event ofnon-payment ofthe fee, member­
shipwill terminate six months after the end ofthe
year for which paymenthas not been received.

RULE 10

Expulsion of a member shall be by decision of
the Council. The Executive Committee shall
present to the Council a full report on the rea­
sons for the proposed expulsion before the mat­
ter is considered by the Council.

RULE 11

All matters of doubt or difficulty relating to
membership shall be decided by the Council.

Ill. ORGANISATION

A. The Council

RULE 12

The Council Delegates shall normally take office
on 1April of each year.

RULE 13

1. Member Societies and Divisions and Groups
shall have freedom to nominate their represen­
tative on the Council, subject only to the Con­
stitution and these By-laws.

2. Representatives on the Councilofthe Individual
Members shall be elected byballot from a list, pro­
vided by the Secretariat, ofall nominations signed
by at least three Individual Members and received
bytheSecretariatbefore 1Januaryofthe year ofthe
election.OnlyIndividual Members shall participate
in the vote. The ballot returns with candidates are
arranged in order of decreasing number ofvotes
obtained.This then provides the names ofthat cat­
egoryofCouncilmembers, in thenumber required
by Art. 12.1b) of the Constitution. The names for
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those who may be needed later on to fill casual va­
cancies for an un-expired term - always oounting
down the list, in the direction ofdecreasingstrength
ofballot votes received - are also provided.

3. Representatives on the Council of Associate
Members shall be elected by ballot from a list, pro­
videdby the Secretariat, ofall nominations ofindi­
vidual candidates received from the Associate
Members before 1 January of the year of the elec­
tion. Only Associate Members shall'participate in
the vote. The ballot returns with candidates are
arranged in order of decreasing number of votes
obtained.This then provides the names ofthat cat­
egory ofCouncil members, in the number required
by Art. 12.ld) of the Constitution. The names for
those who maybe needed later on to fill casual va­
cancies for an unexpired term - always counting
down the list, in the direction ofdecreasing strength
ofballotvot~ received - are also provided.

B. The Executive Committee

RULE 14

1. The Executive Committee shall establish a list
of candidates for the replacement of outgoing
members of the Executive Committee as posi­
tions become vacant For establishing this list the
Executive Committee may consult all relevant
bodies ofthe SOCIETY, i.e. Members Societies, Di­
visions, Groups,Associate Members and Individ­
ual Members (e.g. via their delegates in Council).

2. This list of candidates, which normally
should exceed the number ofvacancies, shall be
presented to the Council accompanied by a CV
and an election campaign statement Candidates
who have been designated to stand for a posi­
tion, i.e. Vice-President (but not the President­
elect in those years he/she has to be elected), SO­
CIETY Secretary and SOCIETY Treasurer shall be
indicated. Candidates for President-elect shall
be presented on a separate list.

3. Staff members or professionals that are paid
employees ofanother learned Society or similar
Organization with potential conflict of interest
with EPS cannot stand as a candidate for the Ex­
ecutive Committee.

4. Nothing above precludes nominations from
Council Members at the Council Meeting. Such
nominations require five supporting Council
Member signatures and must be received by the
Secretariat ofthe Council Meeting prior to 18:00
h on the first day of Council.

5. The sequence of voting in the Council shall
be as follows:
a) in years where a President-elect is to be elected:

1st ballot for the President

2nd ballot for the President-elect

3rd ballot for the other vacant positions'

b) in years where no President-elect is to be elected:

1st ballot for the President

2nd ballot for the other vacant positions

6. A candidate for President-elect must receive
the absolute majority ofvotes cast, disregarding
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abstentions. In the event that there are more than
2 candidates for President-elect and no candidate
receives an absolute majority, then the name of
the person receiving the lowest number ofvotes
is removed from the ballot and additional ballots
shall be organised as necessary.

7. Members of the Executive Committee other
than the President and President-elect are elected
from a ballot list prepared bythe Secretariat.The
ballot returns with candidates are arranged in or­
der ofdecreasing number ofvotes obtained.This
then provides the names of the required number
ofMembers ofthe Executive Committee to fill the
open positions. In case ofa tie among candidates,
which would lead to one or more supernumerary
Members of the Executive Committee, addition­
al ballots for all remaining candidates will be or­
ganised as necessary.

RULE 15

All decisions of the Executive Committee shall
be by simple majority of those present and vot­
ing. In case the vote is a tie, the President shall
decide. A quorum of the Executive Committee
shall be six.

RULE 16

The Executive Committee shall meet not less
than twice a year.

C. The Secretariat

RULE 17

The SecretaryGeneral shall be responsible to the
SOCIETY Secretary for general administrative
matters and to the Treasurer of the SOCIETY for
financial matters. The Secretary General shall
take part ex-officio, but without voting power,
in the meetings of the Council and the Execu­
tive Committee.

RULE 18

Besides the SecretaryGeneral, the Secretariat shall
have employees appointed by the Secretary Gen­
eral as authorised by the Executive Committee.

RULE 19

The Executive Committee may establish sup­
plementary secretariats, subject to approval by
the Council.

IV. DIVISIONS AND t;ROL PS

RULE 20

1. The formation of a Division or a Group may
be approved by the Council on receipt ofa formal
request, including a programme of activities by
not less than five Members of the SOCIETY.

2. In order for a Division or Group to have voting
rights at Council, itmust fulfil thefollowing criteria:

A minimum of50 identified members;

• A regularly constituted Board;
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An annual report made to Council, includ­
ing a programme ofactivities.

3. In the event of a Division or Group failing to
meet the above criteria, Council, upon recom­
mendation of the Executive Committee, may de­
cide to abolish the Division or Group ooncemed.

RULE 21

Rules and regulations governing Divisions and
Groups shall be approved by the Council.

V. MEETINGS, VOTING RULES

RULE 22

The venue of meetings shall be so chosen that
there is no restriction on the attendance of
members from anywhere.

RULE 23

1. Total units assessed as used in Art. 15.3a) for
Individual Members is equal to the total fees
paid by Individual Members divided bythe unit
as defined in Rule 25.

2. Total units assessed as used in Art. 15.3a) for
a given Member Society is equal to the member­
ship fee paid by the Member Society in question
divided by the unit as defined in Rule 25.

RULE 24

As a general rule abstentions are considered as
non-votes.

V. MEMBERSHIP FEES

RULE 25

The annual membership fees for Member Soci­
eties and Individual Members shall be 'expressed
in Euro, fixed by the Council for anyone year,
and calculated in terms of units. The annual
membership fees are contained in the annex to
the By-laws.

RULE 26

1. When calculatingmembership fees, the total
membership ofMember Societies shall be taken
into account. For Member Societies each full
member shall count as one unit. However, Coun­
cil may, when establishing fees from Member So­
cieties, take into account any reduced fees ap"
pliedbythem for special membership categories
(teachers, students, etc.) and allow amounts less
than one unit to be ascribed to such categories of
member. The total number of units so calculat­
ed for the Member Society is the Effective Num­
berofUnits and shall determine the votes for the
purposes ofArt. 15.3a and the annual dues and
units in Art. 23.3 of the Constitution.

2. The membership fee per unit paid by the
Member Society maybe modulated in steps cor­
responding to increments in the Effective Num­
ber of Units in Member Societies.
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Annex 1
Calculation of Membership Fees
As approved by Council 27 March 2004 and applicable as of1 January 2005 through
31 December2006

N<ff. Fee for Member Society s

§4 Calculation ofthe memhership tee tor society s

11
10,5
10
8,5

€/effective memberNeff,s

1 - 1000
1001 - 2000
2001 - 5000
5001 -

§3 Step model

TABLE 1: NeJf,s and fee steps in the step model.

From the effective number of members, for the
first 1000 the fee is 11 €/effective member, for
those between 1001 and 2000 it is 10,5 €/effec­
tive member, for those between 2001 and 5000 it
is 10 €/effective member and for those above
5000 the fee is 8,5 €/effective member.

'"1 Introduction

For Member Societies the annual membership
fee is calculated in a step model. The step mod­
el is based on an effective number of members
Neff,' for each Member Society s. The effective
number ofmembers ('units') Neff,S takes into ac­
count that the Member Societys may charge for
the members N,j in a certain category i a frac­
tion C,; of the full national membership fee.

The fees per effective member that apply in the
step model are given in TABLE 1. From the effec­
tive number of members, for the first 1000 the
fee is 11 €/effective member, for those between
1001 and 2000 it is 10,5 €/effective member, for
those between 2001 and 5000 it is 10 €/effective
member and for those above 5000 the fee is 8,5
€/effective member.

The membership fee F, for each society is calcu­
lated as in TABLE 2.

3. For categories 3.3b) and 3.3c),Student mem­
bers, Teachers, Individual Members below 30
years ofage and Individual Members certifying
their retirement from professional activities shall
pay the number of units in annex 1.

4. In categories 3.3d) and 3.3e), students and
teachers shall pay the number ofunits in annex 1.

5. In cases where the amount to be paid in cat­
egory 3.3a) would exceed 30% ofthe fee paid to
the National Society for membership therein,
special arrangements can be made.

RULE 27

1. Council shall set the fees for Individual
Members with differential fees according to the
membership categories in Constitution Art.
3.3a), 3.3b), 3.3c), 3.3d) and 3.3e). The number
of units to be paid by Individual Members are
set out in Annex 1. The fee to be paid per unit by
Individual Members shall be equal to the aver­
age fee per unit paid by the Member Societies
collectively.

2. In category 3.3a), Student Members, Teach­
ers, Individual Members below 30 years of age
and Individual Members certifying their retire­
ment from professional activities shall pay the
number of units in annex 1.

RULE 28

Anyproposal by the Executive Committee to in­
crease the membership fee per unit for Member
Societies and Individual Members shall be sub­
mitted in writing to Individual Members and
Member Societies at least three months before
the Council is to meet to decide the matter.

RULE 29

Associate Members shall pay annual fees to be
set by the Council.

RULE 30

Honorary Members shall not be required to pay
any fees.

RULE31

Membership ofa Division or Group shall not in­
volve any additional fee to the SOCIETY from In­
dividual Members.

RULE 32

The Executive Committee shall have power to
arrange for payment of fees in local currency
where problems ofrestricted convertibilityexist,
or to set reduced fees for Members.

The sum ofthe fees F, over all societies gives the
total membership fee Ftot of the Member Soci­
eties. The sum of the effective members Neff"
over all societies gives the total effective number
ofmembers Neff. Dividing the total membership
fee F tot by Neff and rounding this number to the
first decimal gives the average unit fee Moy• This
number is the basis for the calculation of the
membership fee for the individual members as
given ill TABLE 3.

Summary of the Symbols
N,j number ofmembers in the category i of

the society s
C,; fraction of the full fee charged to the

member category i of the societys
Neff,S effective number of members of society s
Neff total effective number of members
F, membership fee of societys
Ftot membership fee of all societies
Moy average unit fee

§2 Effective number of memher!, 01 society s

The effective number ofmembers ofsociety s is
calculated according to the foHowing formula
with the summation i running over the various
member categories of society s:

Neff,s =+- Csi Nsi
I

The total effective number of members is:

1-1000 F,=l1xN'i/'

1001-2000 F,=l1Xl000+10,5X(N'i/'-IOOO)

2001-5000 F,= IlxlOOO+l0,5xlOOO+ IOx(N'i/'-2000)

5001-... F,= llxl000+lO,5xlOOO+10000000+8,5x(N'i/'-SOOO)

TABLE 2: Formulas for the calc;ulation of the
membership fee ofMember Societys

For a Member Societywith an effective number
of members as given in the left column, the
membership fee is calculated using the expres­
sion in the corresponding right column.

'\i5 Total membership fee and average unit fee

The total member fee from all Member Societies
is given by:

P tot =~Ps
s

The average unit fee (with respect to the effective
number ofmembers) is given by rounded to the
first decimal digit:

P tot
M av = Neff Irounded to the first decimal digit

Rounded off, the average unit fee is:

Mav =9,8€

§6 Membership fee oflndividual Members

The membership fee for members according to
Art.3 a) ... e) is calculated as the average unit fee
multiplied by the number of units given in
TABLE 3: .

RULE 33

Membership fees shall be due on 1 January of
every financial year, Members adopted by the
SOCIETY during a financial year shall pay fees
for the current year proportionally.

Category Member Units
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The total effective number of members is:

NeJf~ Fee for Member Societys

§2 EffCCll\ e l1lunlwr ot membet> ot 'OLld ~ .'

M - Ftot Iav - rounded to the first decimal digit
Neff

TABLE 3: Units for the various Individual
Member categories

The membership fee for members according to
Art.3 a) ... e) is calculated as the average unit fee
multiplied by the number of units given in
TABLE 3:

Category Member Units

3.3 a) Full 2
Below 30 years ofage 1,5
Retired 1,5
Teachers/Students 1,5

3.3 b) Full 4
Below 30 years ofage 2
Retired 2
Teachers/Students 1,5

3.3 c) Full 6
Below 30 years of age 3
Retired 3

3.3 d) Student 1,5
3.3 e) Teacher 1,5

Rounded off, the average unit fee is:

M av =1O,O€

11,5
11

10,5
8,4

€/effective memberN<ff,S

1 - 1000
1001 - 2000
2001 - 5000
5001 -

-
~, ~tcp model

TABLE 1: N.g,s and fee steps in the step model.

From the effective number of members, for the
first 1000 the fee is 11,5 €/effective member, for
those between 1001 and 2000 it is 11,0 €/effec­
tive member, for those between 2001and 5000 it
is ID,S €/effective member and for those above
5000 the fee is 8,4 €/effective member.

~~

§4 C.llclllatlu~lut the member,hlp fee (elf ;UCldy ,

Nejf =~ Neff,s

1-1000 Fs=l1,5><NoJ>

lOO1-2000 F,= 11 ,5xlOOO+11X(NoJ>-IOOO)

2001-5000 F,=l1,5xlOOO+11XlOOO+10,5x(NoJ>-2000)

5001-. .. 1\=l1,5xlOOO+lIxlOOO+10,5X3OO:l+8,4X(N4<-SOOO)

TABLE 2: Formulas for the calculation of the
membership fee ofMember Society s

For a Member Society with an effective number
of members as given in the left column, the
membership fee is calculated using the expres­
sion in the corresponding right column.

The effective number ofmembers ofsocietys is
calculated according to the following formula
with the summation i running over the various
member categories of society s:

Neff,s =~ Cs; Nsi,

Nsi' number of members in the category i of
the society s

Cs; fraction of the full fee charged to the
member category i of the society s

N<ff,S effective number of members of society s
N<ff total effective number of members
Fs membership fee of society s
Fto, membership fee of all societies
Ma. average unit fee

§ 1 Intrududioll

For Member Societies the annual membership
fee is calculated in a step model. The step mod­
el is based on an effective number of members
N,jf.s for each Member Society s. The effective
number of members (,units') N</f,s takes into ac­
count that the Member Society s may charge for
the meIIibers Ns; in a certain category i a frac­
tion Cs; of the full national membership fee.

The fees per effective member that apply in the
step model are given in TABLE 1. From the effec­
tive number of members, for the first 1000 the
fee is 11,5 €/effective member, for those be­
tween 1001 and 2000 it is 11,0 €/effective mem­
ber, for those between 2001 and SO00 it is 10,5
€/effective member and for those above 5000
the fee is 8,4 €/effective member.

The membership fee Fs for each society is calcu­
lated as in TABLE 2.

3.3 a) Full 2
Below 30 years ofage 1,5
Retired 1,5
Teachers/Students 1,5

3.3b) Full 4
Below 30 years ofage 2
Retired 2
Teachers/Students 1,5

3.3 c) Full 6
Below 30 years ofage 3
Retired 3

3.3 d) Student 1,5
3.3 e) Teacher 1,5

TABLE 3: Units for the various Individual
Member categories

Annex 1
Calculation of
Membership Fees
As approved by Council 27 March 2004 and
applicable as of1January 2007

The sum of the fees Fs over all societies gives the
total membership fee F,ot of the Member Soci­
eties. The sum of the effective members N,jf.s

over all societies gives the total effective number
ofmembers N<ff. Dividing the total membership
fee Ftot byN<ff and rounding this number to the
first decimal gives the average unit fee M"". This
number is the basis for the calculation of the
membership fee for the individual members as
given in TABLE 3.

Summary of the Symbols

The total member fee from allMember Societies
is given by:

Ftot =LFss

The average unit fee (with respect to the effective
number ofmembers) is given by rounded to the
first decimal digit:
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A Photo; EPS President
Martin Huber discusses the
WYP200S with Renato Ricci.

Agilent Technologies
Europhysics Prize

The 2004 Agilent Technologies Europhysics Prize is awarded to
Michel Devoret, Daniel Esteve, J.E. Hans Mooij and Yasunobu

Nakamura for the realisation and demonstration of the quantum
bit concept based on superconducting circuits.

Computation based on quantum bits, so-called qubits, promis­
es an enormous gain in calculating difficult problems such as the
optimization of the route of a travelling salesman or the factoriza­
tion of large numbers. Whereas classical bits are based on two
state systems represented by the numbers 0 and 1 qubits make use
of the quantum concept of superposition of states of a two level
systems thus representing a continuous manifold ofstates varying
between 0 and 1. Though the concepts of superposition and
entanglement underlying quantum computation have been exper­
imentally demonstrated with a few qubits defined in microscopic
quantum systems such as trapped ions or nuclear spins within a
suitable molecules, practical implementations of a quantum com­
puter require a sufficiently large number of coherent qubit
operations, roughly more than at least 10.000. Here the realisation
of qubits in solid states circuits is believed to be a most promising
approach to scalable quantum computation.

Employing superconducting circuits as macroscopic quantum
systems this year's awardees have contributed substantially to the
realisation of solid state qubits and have recently demonstrated
coherent control of qubits using resonant microwave pulses. The
Saclay group lead by Miche1 Devoret and Daniel Esteve and the
Delft group lead by Hans Mooij have envisioned and verified that
superconducting circuits can be used for the realization of qubits
either dominated by the quantization of charge - the charge qubit­
or the quantization ofmagnetic flux-the flux qubit. In such circuits
control ofdiscrete excess charge or flux can be used to define either
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Physics;' Fred Hartline from
Argonne National Laboratory,
convinced all the participants that
collecting and publishing original
personal stories about physics or
famous physicists could spark the
interest ofyoung students.

All details about this 2nd

Preparatory Conference can be
found on the WYP200S web site:
www.wyp200S.org. A general
consensus among the participants
was that EPS13, the 13th General
Meeting of EPS in Bern (July Il­
15,2005) will be one of the high
points-if not the high point-of
the WYP200S. Prizes of several
international contests will be
awarded during special cere­
monies at this meeting. M. Ducloy, president of the WYP
International Steering Committee announced also the Conference
on "Physics for Tomorrow" planned in January 2005 at the Paris
Headquarter ofUNESCO. This event promises to become the offi­
ciallaunch event for the World Year of Physics 2005.•

• Photo: Alive demonstration for the
'Physics on the road' workshop, in
Montreal, Canada.

The Second Preparatory Conference for the World Year of
Physics 'WYP200S' took place in Montreal on March 20-21,

2004 immediately preceding the March meeting of the American
Physical Society (APS). Thanks to the excellent organization by the
APS the conference was a great success.

About 70 participants from 30 nations met at the Fairmont
Queen Elizabeth Hotel in a friendly and productive atmosphere.
After the welcome address of Martin Huber, President of the EPS,
and a talk by Bela J06s, President of the Canadian Association of
Physicists, the first round of discussions started. The different
national and international projects were presented, outlining the
great progress accomplished since the first Preparatory Conference
that was held in Graz in July 2003. Particularly striking was the
variety and originality of the proposed projects including a set of
commemorative WYP postage stamps, a range of educational and
promotional web sites, poster contests, exhibitions, conferences
and science festivals.

Raising public awareness, communicating the beauty and rele­
vance ofphysics to the public was addressed in the workshop called
'Physics on the Road and Publicizing your WYP200S Event: Sev­
eral examples of outreach projects with live presentations, static
displays or other classroom activities were presented in an enthusi­
astic, yet highly professional manner. The American Association
of Physics Teachers (AAPT) unveiled its programme for the
WYP200S and demonstrated the strength of a large society in
planning nationwide activities. The state of preparation in coun­
tries such as Brazil, China, France, Indil!-, Japan, Poland and the
USA, just to mention a few, was very impressive.

Several exciting international projects were presented and gen­
erated active discussions. Among them, "Light around the World"
and "Physics Talent Search" were judged to have a high potential
impact on the media. Another project that attracted much atten­
tion is the project Einstein@home that consists in establishing a
distributed computing network of private PCS worldwide to ana­
lyze the huge amount of data generated by LIGO, the US
Gravitational-wave Observatory.

The search for gravitational waves was also part of an outstand­
ing, educational talk delivered by Clifford Will of Washington
University in St Louis,
MO. Will raised the
question-after 100
years: 'Was Einstein
right?' In his lecture he
showed how a revolu­
tion in astronomy and
technology led to a
renaissance of general
relativity in the sixties
and to a systematic
program to try to ver­
ify its predictions.

Finally, with his
project "Stories in

World Year of Physics 2005:
the countdown has started!



a qubit 0 or 1. In 1999 an important breakthrough was achieved by
Yasunobu Nakamura and his collaborators in Japan with the
demonstration that similar to atomic systems one can coherently
control such superconducting circuits with radio frequency pulses
to create a superposition state and observe coherent oscillations of
the superconducting quantum system. With a modified circuit
design the Saclay group was able in 2001 to substantially increase
the originally short coherence times and the DeIft group demon­
strated jointly with Yasunobu Nakamura the long coherent
manipulation with Rabi and Ramsey oscillations.With the present­
1y achieved control ofdecoherence solid state qubit circuits that are
scalable and allow for the implementation of error correction
schemes which are needed for any practical quantum computation
appear to be no longer beyond reach.

These breakthrough experiments have not only increased our
understanding ofprecisely defining and controlling quantum states
in macroscopic devices but have now established that the imple­
mentation and coherent control of qubits in solid state circuits can
be achieved and opens the way to create more complex circuits for,
at first simple, qubit operations. Though at present it is still a long
way to any practical quantum computer the awardees have con­
vincingly demonstrated that the concept of superconducting
qubits is a feasible and promising one.-

EPS-IGA 2004 Prize

F ollowing the meeting of the EPS-IGA 2004 Prize Selection
Committee chaired by Dr. Steve Myers of CERN on 20 Febru­

ary 2004, the 2004 Accelerator Prizes are awarded as follows.
The prizes will be awarded and the award winners will make

oral presentations of their work during the 9th European Particle
Accelerator Conference, EPAC'04, on Thursday 8 July 2004 at the
Lucerne Congress Centre (KKL), Lucerne, Switzerland.

The Prize for an individual in the early part of his or her career,
having made a recent significant, original contribution to the accel­
erator field, is awarded to Vladimir Shiltsev (FNAL, Batavia) "For
many important contributions to accelerator physics which include
theory, beam simulations, hardware development, hardware com­
missioning and beam studies. In particular for his pioneering work
on electron-lens beam-beam compensation:'

The prize for an individual for outstanding work in the acceler­
ator field is awarded to Igor Meshkov (JINR, Dubna) "For seminal
contributions to numerous advances in accelerator science over the
past 40 years. In particular for his development and implementa­
tion of the techniques which allowed the original brilliant idea of
electron cooling to become a hardware reality and an accelerator
tool. In addition for his devotion to and promotion of internation­
al collaboration in accelerator physics:'

Joint Accelerator Conferences Website Collaboration
Further to the above, the EPAC and PAC conference series have decid­
ed to acknowledge the work ofthe JACoW collaboration. John Poole
and Christine Petit-Jean-Genaz, CERN will represent the Collabora­
tion and make a briefpresentation during the Prize Ceremony during
EPAC'04. The acknowledgement is made in the following citation:

From tiny acorns mighty oak trees grow. An idea from flan Ben­
Zvi in 1996, nurtured by others, has finally spread its branches as
the JACoW collaboration reaches maturity in 2004.

The vision of a Joint Accelerator Conferences Website, main­
taining a central database ofinformation ofall main participants in
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the accelerator community and holding electronic copies ofall the
papers published at the conferences under its umbrella, has taken
eight years to reach fruition.

Seven conference series are now involved (PAC, EPAC, APAC,
CYCLOTRONS, DIPAC, ICALEPCS, LINAC). The Russian PAC,
RUPAC, is about to join, as are several other conference series. A
recent decision has,confirmed funding to complete the electronic
scanning of all PAC and EPAC proceedings back to 1967 and 1988
respectively. The papers will be available to all on the central
JACoW site (http://www.jacow.org).
. At this conference, EPAC'04, the Scientific Programme Manage­
ment System (SPMS) is being used for the first time. The central
database will allow standardised procedures for submission and
publication ofpapers, and will be ofimmeasurable benefit to those
who work so hard behind the scenes to ensure every conference is
a success. Delegates will also see improvements, with developments
such as the inclusion of facilities for registration, expected to follow.

While many individuals have played a part, none would
begrudge recognition to the two people whose foresight and enthu­
siasm have served to blend so many varied ideas together: John
Poole, the Chairman of JACoW, and Christine Petit-Jean-Genaz,
the EPAC Conferences Coordinator.

The Organising Committees of the EPAC and PAC conference
series would like to acknowledge their achievement and thank
them, and all those involved in JACoW, for their efforts to further
the dissemination ofscientific knowledge throughout the accelera­
tor community.

EPS IBA Prize
. .

The EPS Europhysics Prize for Applied Nuclear Science and
Nuclear methods in Medicine was awarded to Professor Prot:

Guy Demortier, for outstanding and innovative research in many
and varied fields ofapplied nuclear physics, namely in new materi­
als, catalysts, biological material, archaeology and nuclear medicine
and, most notably, resulting in ways to improve PET-scans.-

2004 Lise Meitner Prize

The 2004 Lise Meitner Prize for Nuclear Science is awarded to
Professor Bent Herskind and Professor Peter Twin for their

pioneering development of experimental tools, methods of analy­
sis and experimental discoveries concerning rapidly spinning
nuclei, in particular the discovery of superdeformed bands in
wide regions of the periodic table.-

Errata
In Europhysics News 35/2, page 47, the article "The quest for bril­
liance: light sources from the third to the fourth generation"should
have been accredited solely to M. Altarelli.

Alterelli's correct affiliations are: Sincrotrone Trieste, Area Sci­
ence Park, 34012 Basovizza-Trieste (Italy) and Abdus Salam
International Centre for Theoretical Physics, Strada Costiera 11,
34100 Trieste (Italy).•
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EJ'H
Eidgenossische Technische Hochschule Zurich
Swiss Federal Institute of Technology Zurich

Assistant / Full Professor in Experimental
Condensed Matter Physics

The Physics Department of ETH Zurich has two openings for professorial
positions in experimental condensed matter physics. One of the positions is
intended to be filled at a senior level, the other at the assistant professor level
(tenure track).
The laboratory for solid state physics has active groups in the fields of
magnetism, superconductivity, semiconductor nanostructures. and the physics of
new materials. For further details, see www.solid.phys.ethz.ch. The department
invites applications from outstanding candidates with expertise in any area of
modern condensed matter physics. Areas that are of particular interest include
(but are not limited to) nanostructured solid state systems, the development and
characterization of new materials, the manipulation of quantum systems in a solid
state environment, and biologically inspired solid state physics.
The Physics Department of ETH Zurich offers an international and stimulating
research environment. The scientific operations are supported by a first class
technical infrastructure. The nearby Paul-Scherrer-Institute (www.psLch)
operates a synchrotron light source and a spallation neutron source, both
equipped with advanced instruments. The FIRST lab at ETU Zurich
(www.first.ethz.ch) offers a state-of-the-art cleanroom and equipment for nano­
fabrication. The successful candidates will be encouraged to use these facilities.
Teaching duties will include conducting physics courses at all levels, including
introductory courses for non-specialists. Courses at Master level may be taught in
English.
Applications should be submitted, together with a curriculum vitae, a list of
publications, a list of research activities, and a research statement to the
President of ETH Zurich, Prof. Dr. O. Kiibler, ETH Zentrum, CH-8092
Zurich, no later than August 31, 2004. ETH Zurich specifically encourages
female candidates to apply with a view towards increasing the proportion of fe­
male professors.

The Faculty of Science of the University of Bern
invites applications for a position of

Full Professor of Experimental High Energy Physics
and

Head of the Laboratory for High Energy Physics

opening March I, 2006 at the Laboratory of High Energy Physics of the
Physics Institute, University of Bern, Switzerland. Current research
activities of the Laboratory include work at CERN especially on the
ATLAS experiment at LHC, as well as the physics of neutrino oscillations
(OPERA) and dark matter (ORPHEUS).
Candidates should have a proven lust rate research record in experimental
high energy physics. This may include participation in large experiments
and the development of novel experimental techniques. She/he should
also be prepared to participate actively in the teaching of physics at both
the undergraduate and graduate level. As Head of the Laboratory, the
successful candidate has overall responsibility for about 30 collaborators
and will be a member of the Board of Directors of the Physics Institute.
The University of Bern especially encourages women to apply for this
position. Letters of application, including curriculum vitae, a list of
publications, copies of the most important publications, and an outline of
past and future research (all in English) should be sent before September
15,2004 to Prof. G. Jaeger, Dean of the Faculty of Science, Sidlerstrasse
5, CH-3012 Bern, Switzerland.
FuI1her information about the Laboratory canbe fouDd athttp://www.lhep.unibe.ch
and enquiries about this position can be made by contacting Prof. W. Benz,
Physikalisches Institut, Sidlerstrasse 5, CH-3012 Bern, Switzerland,
Tel: +41 31 631-4403, Fax: +41 31 631-4405,

e-mail: wbenz@phim.unibe.ch
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www.edpsciences.org
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Applications are invited for a post-doctoral position at LIP-Lisbon
(www.lip.pt). The position is funded by the European Research Training
Network 'Physics Reconstruction and Selection at the Large Hadron
Collider' (http://cern ch/sphicastpRSATLHCD. The main purpose of the
proposed network is to study, design and implement the physics event
selection of the CMS experiment in the LHC environment.
The position will be given for 2 years with a highly competitive salary
determined according to qualification. Qualifications required include a
PhD or equivalent in High Energy Physics, and a clear demonstration of the
ability to carry out a research program. Knowledge of modern programming
techniques, Object-Oriented software and C++ will be an asset.
Applicants must satisfy the EU RTN eligibility criteria

(http·//www.cordis.lulimprovinglnetworkslfag htm#q5).
The position will remain open until suitable candidates are found.

Applications, including CV and reference letters, should be sent to:

Laboratory for Instrumentation and Experimental Particle Physics
Research Training Network·PRSATLHC

Av.Elias Garcia, n° 14 -1" ,1000-149 LISBON, PORTUGAL
e-mail: joao.varela@cern.ch
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