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Around the labs 

New Director for SLAC 
Stanford Linear Accelerator Centre Director 
Burt Richter will step down on 31 August . His 
successor will be Jonathan Dor fan, associate 
director of SLAC and head of its recently 
dedicated B-Factory project ( D e c e m b e r 1998, 
page 5) . 

W h e n he steps down, Richter will have been 
Director for 15 years. His career is int imately 
l inked with that of electron coll iders at S tan 
ford - the Stanford-Pr inceton electron 
collider, the S P E A R and PEP elect ron-posi t ron 
rings and the SLC linear collider. Richter came 
to Stanford as a post-doctoral s tudent in 
1956 after his PhD at MIT. In 1963 he jo ined 
SLAC, becoming Director in 1984 on the 
ret irement of founding director Wol fgang "Pief" 
Panofsky. Richter shared the 1976 Nobel Prize 
in Physics with Sam Ting of MIT for their inde
pendent discoveries of the J / p s i particle. He 
will remain at Stanford and will also become 
President of the International Union of Pure 
and Appl ied Physics ( IUPAP) . 

Dorfan, a native of South Afr ica, is a natu
ralized US cit izen. He earned his doctorate at 
Cal i fornia-Irvine in 1976 and came to SLAC as 
a post-doctoral fellow, moving up to research 
physicist in 1981, associate professor in 

B Factory (PEP-II) 
Dedication 

October 26,1998 
S T A N F O R D L I N E A R A C C E L E R A T O R C E N T E R 

Jonathan Dorfan will be the next Director of 
the Stanford Linear Accelerator Centre. 

1984, full professor in 1989 and associate 
director in 1994. He led the effort to establ ish 
the B-Factory at SLAC, including being in 
charge of the team that produced the 
machine conceptual des ign. He is currently 
technical co -o rd ina to r fo r the construct ion of 
the BaBar detector at the B-Factory. 

Particle and nuclear 
astrophysics and 
cosmology committee 
A new commi t tee, PaNAGIC (Particle And 
Nuclear Astrophysics and Gravitational Inter
national Commi t tee ) , was created last 
October by IUPAP (Internat ional Union of Pure 
and Appl ied Physics) to suppor t the interna
tional exchange of ideas and to nurture the 
emerging field of particle and nuclear astro
physics and cosmology. 

Against the need for larger exper iments with 
increasing costs, the Commit tee will promote 
wor ldwide col laborat ion and ensure the orga
nization of future exper iments. 

The Commit tee will cover the following 
fields: basic const i tuents of matter and their 
interactions by non-accelerator means ; 
sources, accelerat ion mechan isms and the 
propagat ion of h igh-energy particles in the 
universe; nuclear and particle propert ies and 
processes of astrophysical interest in the 
universe; gravity, including sources of gravita
t ional waves . 

The President is A lessandro Bettini, Director 
of Gran Sasso Laborator ies, Underground 
Physics. Contact "Alessandro.Bett in i@lngn. 
infn.it" or see "h t tp : / /www. lngs. in fn . i t " . 

SLAC B-Factory comes up to speed 
Short ly after the dedicat ion of the PEP-II 
B-Factory at the Stanford Linear Accelerator 
Centre (SLAC) on 26 October ( D e c e m b e r 
1998, page 5) , a team led by John S e e m a n 
resumed the task of commiss ion ing the new 
electron-posi t ron collider. 

The 9.0 GeV electron ring and the 3.1 G e V 
positron ring both turned on quickly, success 
fully storing beams before the end of the 
month . Coll isions between the two beams , 
first achieved on 23 July (Sep tember 1998, 
page 17) occurred again on 10 November with 
11 bunches in each r ing.This t ime signif icant 
luminosity was observed , at about 3 x 1 0 3 0 

per c m 2 per second - but still a factor of 
1000 below the design goal. 

Further commiss ion ing included at tempts 
to store much higher currents in each beam 
and focus them better at the interaction point, 
while improving their l ifetimes. Wi th the exten
sive progress already achieved on the electron 

ring, attention shifted to the positron beam, 
which had a lifetime of about 30 minutes in 
early November and slowly improved during 
the run. Radiat ion scrubbing of the vacuum in 
this ring permit ted the stored current to reach 
415 mil l l iamps in a total of 291 bunches by 
run's e n d . T h e current per bunch now exceeds 
the design goal of 2.1 amperes in 1658 
bunches. 

By run's end a luminosity of 3 x 10 3 1 per 
c m 2 per second was measured with 261 
bunches circulating in each beam. But ca lcu
lations based on the beam sizes and currents 
indicate that the true value could be 2 to 4 
t imes higher. Interaction region group leaders 
Stan Ecklund and Michael Sull ivan are study
ing the reasons for the apparent discrepancy. 
Several ring parameters (e.g. tunes and omit
tances) were varied to maximize the 
luminosity, giving b e a m - b e a m tune-shift limits 
of about 0.01 to 0.02. 

Physicists led by Tom Mattison of SLAC and 
Witold Kozanecki of Saclay monitored the 
backgrounds in both rings during this run. 
These backgrounds - believed to be largely 
due to b e a m - g a s interactions - are 5 to 10 
t imes higher than anticipated in the PEP-II 
conceptual design report. Al though the BaBar 
detector will be able to handle such back
grounds, they are still a cause for concern . 
Work cont inues to understand these back
grounds and reduce them. Addit ional beam 
col l imators are being installed before the next 
commiss ion ing run. 

T h e current schedu le calls for a final c o m 
missioning run f rom mid-January to 
mid-February fol lowed by installation of the 
BaBar detector at the interaction point. If all 
goes wel l , physicists in this col laboration can 
expect to begin taking data on 1 May. "We are 
very p leased with this progress," said S e e m a n , 
"but we must keep a firm eye on our goals." 
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The case of the missing neutron stars 
Certain heavy stars at the end of their lives 
col lapse in the most violent explosions known 
in the universe - supernovae. Wha t is left after 
they have blasted most of their bulk into 
space is a dense ball of neutrons, a neutron 
star, or occasional ly a Black Hole. 

Simulat ions in the 1980s by Ger ry Brown at 
Stony Brook, New York, suggested that neutron 
stars of up to two solar masses should be 
found in supernova remnants , but the heav i 
est seem to be just 1.5 solar masses . 
Accord ing to Brown's calculat ions, there 
should be a two-so iar -mass neutron star in 
the remnants of SN1987A, but so far none 
has been found . Working with Hans Bethe, 
Brown has come up with a possible reason 
why. 

Bethe and Brown suggest that in dense 
nuclear matter, negative kaons could play a 
similar role to electrons. Wha t would allow 
them to do this is a cur ious phenomena 
whereby the mass of kaons decreases as the 
densi ty of the surrounding med ium increases. 
But there is a crucial di f ference between 
electrons and kaons: electrons are fermions, 
kaons are bosons .Tha t means that kaons are 
not limited by Pauli's exclusion principle and 
many more of them can pack into a dense 
star than can electrons. 

GSI Darmstadt's kaon spectrometer, KAOS, 
looks at the kaons emerging from heavy-ion 
collisions. (Photo Achim Zschau/GSI.) 

The negative charge of large numbers of 
kaons al lows many more protons to exist in 
the star. Bethe and Brown calculate that, 
unlike the case of pure neutron matter, a large 
proton-to-neutron ratio can precipitate the 
col lapse of the star into a Black Hole. If they 
are right, then what is left after SN1987A's 
col lapse is probably a Black Hole. 

Bethe and Brown's model lends itself well 
to exper imental testing since kaons are easily 
produced in accelerator laboratories, and the 
density of neutron stars can be s imulated in 
heavy- ion coll isions. And that is exact ly what 
Peter Senger and his col leagues at GSI D a r m 
stadt have d o n e . T h e y studied kaon 

product ion in the coll isions of h igh-energy 
nickel ions with a nickel target. In such colli
s ions nuclear matter is compressed to about 
three t imes its normal density. 

T h e GSI team found that the number of 
posit ive kaons emerg ing from coll isions w a s 
as expec ted , but the number of negative 
kaons w a s far higher. One possible exp lana
t ion, put forward by Ger ry Brown among 
others, is that the effective mass of negative 
kaons is strongly reduced in the dense 
nuclear med ium compared to that of posit ive 
kaons - just the effect needed by Bethe and 
Brown's p roposa l .That means that negative 
kaons become easier to produce, and more of 
them emerge f rom the coll ision. 

Accord ing to Bethe and Brown's calcula
t ions, an effective negative kaon mass at three 
t imes normal nuclear density, which would 
account for the GSI result, could also provoke 
the gravitational col lapse of neutron stars of 
1.5 to two solar masses . GSI 's result helps 
turn Bethe and Brown's idea into a f irm pre
dict ion. All that remains now is to identify the 
Black Hole in the middle of SN1987A. 
• Further reading: 
H Bethe 1990 Supernova Mechan isms Rev. 
Mod.Phys. 62 801. 
R Barth etal. 1997 Phys. Rev. Lett. 78 4007. 

Physicists enjoy the CERN School of Computing 
The annual CERN School of Comput ing dis
plays the continual close symbios is between 
comput ing and physics. For the 1998 (21st) 
CERN School of Comput ing in Madeira, the 
programme was organized around four themes: 
agent and distributed comput ing technology; 
intelligent monitoring and control; petabyte 
storage (databases) ; and software evolut ion. 

The School was organized by C E R N in col 
laboration with LIR Lisbon and the University 
of Madeira. 67 students ( f rom 45 institutes, 
22 countr ies and of 22 nationali t ies) 
a t tended, of which 14 were funded by the 
European Commiss ion and by U N E S C O . 

After general lectures in the first week, the 
second week was oriented towards comput ing 
problems for particle physics and the LHC 
programme. 

Practical exercises are an important part of 

the programme and require a complex c o m 
puting infrastructure. Comput ing and 
peripheral equipment was provided by and via 
C E R N . Equipment lent by various manufactur
ers was del ivered to CERN where it was set up, 
tested, dismant led and shipped to Funchal , 
Madeira. Portuguese col leagues ensured the 
provision of the necessary network connect ion 
f rom Funchal via the University of Madeira, 
Lisbon and CERN and , together with students 
f rom Madeira, helped in the installation. Set
t ing up this complex comput ing facility, even if 
only needed for a short t ime, needed c lose 
col laborat ion and w a s widely apprec iated. 

T h e 22nd C E R N School of Comput ing will 
take place in Stare Jab lonk i , Poland, f rom 
12-25 September , organized in col laborat ion 
with Warsaw University ( IFD) and the Depart 
ment " Internet For Schoo ls " of the Foundat ion 

in Suppor t of Local Democracy ( I dS ) .The 
t hemes for 1999 are: advanced topics; LHC 
exper iments data communicat ion and data 
processing sys tems ; sof tware building; and 
Internet sof tware technologies. 

T h e Schoo l is open to postgraduate s tu
dents and research workers with a few years ' 
exper ience in e lementary particle physics, 
comput ing or related f ie lds.The number of 
part ic ipants will be about 80, mostly f rom the 
C E R N Member States or f rom laboratories 
closely associated with C E R N , but a few may 
come f rom e lsewhere. 
• App ly to: Miss Jacque l ine Turner, School of 
Comput ing , C E R N , 1211 Geneva 23 , Switzer-
land.Tel . +41 22 767 5049 . Fax +41 22 767 
7155. E-mail "Comput ing .Schoo l@cern .ch" . 
W e b " h t t p : / / w w w . c e r n . c h / C S C / " . T h e dead 
line for appl icat ion is 17 May. 
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CAPACITORS 
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VERY RELIABLE. The Maxwell CCS Series is the ultimate HV 

Power Supply performer and only choice for 
low, medium and high repetition rate Pulse 
Discharge Systems. 

With voltages to as high as 65 kV and out
put power to 20 kJ/s, when it comes to relia
bility, performance and price, we've rewrit
ten the specifications for High Voltage 
Capacitor Charging. 

Maxwell has successfully applied the CCS 
to every conceivable Pulsed Power 
Application. Whether you are developing the 
latest Pulsed Modulator, Solid State Laser, High 
Energy Storage Bank or Ultra Fast Excimer, call 
for the specialist "San Diego Chargers/7 

Capacitor Charging Power Supplies 
• O u t p u t P o w e r 2, 4, 6, 8, 10, 12 kJ / s 

(20 kJ / s a v a i l a b l e as c u s t o m ) . 
• O u t p u t V o l t a g e s 1, 2, 3, 5, 10, 20, 30, 40, 50, 60, 65 kV. 
• 208,400,480 V A C 3 p h a s e all s t a n d a r d . 
• 22/240 V A C single p h a s e t o 6 k W a v a i l a b l e . 
• 2 y e a r w a r r a n t y . 

For information on the CCS, visit: 

Or for our extensive range of HV 
Components and Systems, go to: I T G C H N O L O G I G S 

E n e r g y P r o d u c t s 
4949 Greencraig Lane, San Diego, C A 92123 • (619) 576-7545 • FAX (619) 576-7672 



Around the labs 

Are neutrinos seasonal? 
The Sun could be surrounded by a flat disc of 
neutrinos more than a billion t imes denser 
than the neutrino cloud permeat ing the rest of 
the universe.This is the suggest ion from preci
sion measurements of the beta decay of 
tritium by the Institute of Nuclear Research, 
Troitsk, Russia, which also give a new upper 
limit on the electron neutrino mass. 

After 1998's harvest of neutrino evidence 
underl ined the possibility that neutrinos may 
have mass, neutrino mass is back in the spot
light. Neutrinos are conventionally descr ibed 
as massless particles moving with the speed 
of light, but a tiny mass introduces interesting 
possibilities, for both physics and cosmology. 

Neutrinos cannot be observed directly.Their 
job in Nature is to carry off energy in beta 
decay, and the best way of "observ ing" them is 
to keep detailed accounts of particle energy. 

Any mismatch indicates that an unseen neu
trino "thief" has been at work. 

Mass measurement is particularly difficult 
and sensitive for the electron neutrino, the 
lightest. Zero mass is difficult to prove, and 
refined experiments successively push down 
the mass limit.To help with the detailed energy 
book-keeping, physicists look at the beta 
decay spectrum of tritium as close as possible 
to the highest possible energy of the emerging 
electrons. Although this is only a tiny fraction of 
the total decays, these conditions provide a 
long lever arm on the neutrino mass. 

The experiment at Troitsk provides a new 
upper limit of 2.5 eV. If the particle indeed has 
mass, it is probably only a minute fraction of 
this value, but in unravelling the data the exper
iment came across an unexpected effect which 
at first appeared as a small peak very near to 

maximum electron energy, which moves up and 
down by some 10 eV every six months! 

It is as though the Sun were surrounded by 
a dense disc of neutrinos at an angle to the 
Earth's orbi t .The Earth thus sees a neutrino 
density which varies over a six-month cycle. A 
neutrino reacts with a tritium nucleus, produc
ing a hel ium-3 nucleus and a monochromat ic 
electron seen as a peak in the tritium beta 
decay spect rum. 

The neutrino cloud needs a concentration 
of 10 1 5 per cubic centimetre, compared to the 
generally accepted few hundred for back
ground cosmic neutr inos.There is no 
explanation for such a compact neutrino 
c loud. Neutrino effects in tritium beta decay 
have come and gone before, and this one too 
needs to be checked out. 

At the moment only one other operational 
experiment (Mainz) could reach comparable 
sensitivity to check the Troitsk observat ion. A 
more decisive check could be obtained via a 
more elaborate setup now being d iscussed. 

RHIC Mock Data Challenge successfully completed at Brookhaven 
With Brookhaven's RHIC relativistic heavy-ion 
collider scheduled to be commissioned this 
year, preparations for its experimental 
programme gather momentum.The RHIC Mock 
Data Challenge 1 (MDC-1) began on 8 Septem
ber and finished successfully on 19 October. 

With installed capacit ies amount ing to 
approximately 25% of that which will be avail
able at the start of the first RHIC physics run, 
this six-week exercise involved the RHIC C o m 
puting Facility, the US Department of Energy's 
(DOE's ) High Energy and the Nuclear Physics 
Computat ional Grand Challenge Initiative, and 
the four RHIC experimental col laborations, 
BRAHMS, PHENIX, PHOBOS, and STAR. 

The main goals of the exercise were to show 
the performance of: event data recording; 
event reconstruction; and data mining (select
ing rich subsets from large vo lumes of data) ; 
each for multiple experiments simultaneously. 

During the exercise, aggregate event data 
recording rates into the High Performance 
Storage System (HPSS) for the four experi
ments as high as 18 Mbyte /sec for an 8-hour 
period were measured. (HPSS is hierarchical 
storage management system software devel
oped under a Cooperative Research And 
Development Agreement including several 
DOE Labs, now commercial ized by IBM.) 

Event reconstruction by the four experi

ments on a comput ing farm consisting of up 
to 104 Pentium IJ processors, representing 
some 1400 SPECint95 benchmarks of CPU 
capacity, were achieved with CPU utilization 
efficiencies for a 16-hour period averaging 
80% across the experiments. 

During s imul taneous event data mining by 
the four exper iments, a variety of data access 
measurements were made .These included 
evaluation of the performance of a Sun server 
compared with network-connected Pentium 
farm machines, the use of Grand Challenge 
Project software to coordinate queries, and 
the use of an Oak Ridge-developed system to 
batch files for access from HPSS tapes. 

The Grand Challenge Project and STAR were 
also able to build and exercise a data s u m 
mary tape level objectivity event data store. 
Secondary objectives, including running mul
tiple s imul taneous functions for a subset of 
the experiments and running for extended 
periods for individual experiments, seven days 
for PHENIX and STAR, were also achieved. 

From the perspective of the RHIC Comput
ing Facility, the exercise was valuable in terms 
of verifying and detailing expected behaviour 
and limitations of the current facility and by 
revealing some unexpected problems. 

As anticipated, the Managed Data Server 
(MDS) and in particular the HPSS were found 

to be the single most complex and critical 
components .The HPSS showed itself capable 
of high performance and adequate to the 
goals of the exercise. However, it was also clear 
that the t ime between its initial installation at 
the RHIC Comput ing Facility and its large-scale 
use in the exercise were not adequate to 
achieve the desired levels of reliability.The 
limited storage resources, in particular tape 
drives, available for this exercise also con
tributed to the stress on HPSS. Except for an 
initial delivery delay, the performance of the 
Intel-based Linux processor farms during the 
exercise were gratifyingly close to what was 
anticipated. An unexpected issue was the 
performance of the RHIC Wide Area Network. 
While the need to tune RHIC Computing Facil
ity network parameters and collaborating 
remote machines was anticipated, end-to-end 
problems including the national ESnet and /o r 
commercial links were more serious and less 
tractable than anticipated. 

From the perspective of the RHIC Comput
ing Facility, the ability of all six parties to 
participate effectively in a unified exercise 
was the most important outcome. If this s y n 
ergy cont inues and convergent iteration can 
be achieved, effective computing for the RHIC 
experimental programme will be assured. 
Bruce Gibbard 
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Astrowatch 

Edited by Emma Sanders 

Supernova testbed 
A nearby active galaxy reveals a unique popu
lation of exploding stars. Astronomers at the 
UK's Jojdrell Bank radio astronomy laboratory 
have observed over 50 supernova remnants in 
the galaxy M82.These shells of gas are 
blasted into space during the giant explosion 
at the end of a massive star's lifetime. 

For the first t ime, the astronomers can 
resolve the individual shells and measure 
their expansion in a galaxy 10 million light 
years from our own.They can also measure 
their luminosity.The 50 supernova remnants 
are ideal candidates for this kind of popula
tion study as they are all at essentially the 
same distance, unlike the supernovae 
observed in our own galaxy. 

M82 is a "starburst" galaxy with a central 
region of intense starformation. Mapping the 
absorption of hydrogen gas in front of the 
supernovae gives clues to how this activity in 
the centre is fueled. 

The study of supernovae has important 
consequences for cosmology as certain 
supernovae are used as standard candles to 
measure distances in space (October 1998, 
p l O ) . Spectral studies of supernova remnants 
reveal how heavy elements are distributed. 

Jodrell Bank is the control centre of the 

Picture of the month 

1 L T 1 ™ ± J . % ^ 

One of the supernova remnants in the active 
galaxy M82: a hot shell of gas expanding at 
10 000 kilometres per second as it looked in 
1986 (left) and now. (Pic: Jodrell Bank.) 

A radio image of active galaxy M82 showing 
over 50 supernovae. 

MERLIN radio interferometer, comprising 
seven radio telescopes stretching from Man
chester to Cambridge. 

The furthest quasar 
Astronomers at the Sloan Digital Survey have 
broken the record for the most distant quasar 
ever observed. 

Quasars - quasi-stellar objects - are no 
larger than our solar system, yet can outshine 
galaxies of hundreds of billions of stars.The 
new record-breaker has a redshift of 5.0. 
Because of the expansion of the universe, the 
greater a galaxy's light is shifted to the red, the 
further away it is, and the younger the universe 
when the light was emitted. A redshift of 5.0 
means the light was emitted when the uni
verse was less than a billion years old. 

The most distant galaxy has been observed 
with the Hubble Space Telescope at a redshift 
of 5.60. 

The Sloan survey uses the 2.5 m telescope 
at the Apache Point Observatory in New Mex
ico. Over the next five years, astronomers will 
measure the distance of over a million galax
ies which will combine to make the largest 
3-D map of the universe ever.This will impose 
important constraints on models of cosmic 
evolution. 

The collaboration consists of eight research 
organizations from the US and Japan . Fermi-
lab constructed the data acquisition system 
and the software and hardware to process the 
10-20 terabytes of data. 

New infrared array 
Europe and the United States plan to join 
forces on the next generation of ground-based 
infrared te lescopes.The European project, the 
Large Southern Array, consists of antennae 
covering an area of 10 000 m 2 in the Chilean 
Andes. In parallel, staff at the US National 
Radio Astronomy Observatory have designed 
their own Millimetre Array. 

The proposal now up for discussion is 
whether or not to pool resources and build 
just one te lescope.The council of the Euro
pean Southern Observatories (ESO) has given 
the green light for negotiations to start. 

A new mill imetre-wavelength telescope is a 
high priority for astronomers as it will comple
ment observations made by the Hubble 
Space Telescope and ESO's Very Large Tele
scope. All three would have similar scientific 
objectives and comparable high angular 
resolution and sensitivity. 

What 's as long as a 
football pitch, weighs 
460 tons, has 4000 m 2 

of solar panels and will 
be flying overhead in 
2004? The answer is 
the International 
Space Stat ion. 
Construct ion began at 
the end of 1998 with 
the successful launch 
of the first two 
modules: the Zarya 
control module, a 
20 ton , 13 metre long 
module that provides 
propulsion, command 
and control systems; and the Unity connect ing module wi th six at tachment ports. The 
complete assembly is shown in this art ist 's impression. (Pic: N A S A / E S A . ) 
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LHC 

A cold start for LHC 
Spearheading the construction effort for 
CERN's LHC collider is the groundwork for 
the 1232 superconducting dipole magnets, 
to b& cooled by superfluid helium at 1.9K. 
Material procurement and tooling is 
advancing hand in hand with the final 
research and development work for the 
production design. 
O n e of the first major LHC p rocurement contracts w a s for the super
conduc t ing mater ia ls - n iob ium-t i tan ium bars and n iob ium shee t 
wor th $45 mill ion - wi th W a h - C h a n g in the US and using US money. 
Th is w a s fo l lowed by contracts for the actual cab le manufac tu re . A 
total of 13 680 k i lometres of cab le will be n e e d e d , longer than the 
d iameter of the Ear th . As well as being for the d ipo les, this mater ial 
will a lso be used for the 520 focus ing q u a d r u p o l e s a n d severa l 
o ther magne ts . 

Invo lved in th is manu fac tu re are A l s t h o m ( F r a n c e ) , V a c u u m -
schme lze ( G e r m a n y ) , Europa Metall i ( I ta ly ) , Furukawa ( J a p a n ) and 
IGC ( U S A ) , reflecting the wor ldwide invo lvement in the LHC. 

Test ing and qual i ty a s s u r a n c e of the supe rconduc t i ng s t rands , 
and subsequen t l y the full cab le , is absolute ly v i tal . A new test faci l 
ity at C E R N , equ ipped with its own hel ium refrigerator, will c o m e into 
operat ion s o o n . Th is facil i ty will be used for qual i ty control of the 
s t rands dur ing product ion, whe reas mos t of the final cab le will be 
tes ted in a simi lar facil ity at B rookhaven as part of the C E R N - U S 
co l laborat ion. 

For the magnets themselves, tests on 1 metre dipole models under
lined the w isdom of reverting to the original 6-block coil design ( S e p 
tember 1998, page 17) after a fl irtation with a 5-block conf igurat ion. 

Dur ing 1998 two more 10 metre col lared coils were del ivered by 
indust ry and assemb led at C E R N into comple te magne ts , and the 
first 15 metre pro to type d ipo le , built by indus t ry under an agree
ment between C E R N and the Italian INFN, w a s put through its paces. 
Whi le the nominal f ield for LHC magne ts to handle 7 T e V b e a m s is 
8 .34T , 9 T is seen as the ul t imate goal . Whi le the fo rmer f igure is 
usual ly a c inch , the latter is not, under l in ing the need for careful 
qual i ty control at all s tages in the manufac tu re and assembly , and 
the impor tance of the collaring procedure to anchor all componen t s 
secure ly under i m m e n s e magnet ic fo rces and w h e n coo led to 2 K. 

Orders for six prototype col lared coi ls wi th the ser ies manu fac 
ture des ign have been i ssued , and the first has even ar r ived. T h e s e 
will be assemb led into c r yomagne ts at C E R N , as indust ry is not yet 
e q u i p p e d wi th the n e c e s s a r y 15 met re hydrau l ic p resses for the 
weld ing of the cold mass . 

Prototype h igh- temperature superconduc t ing current leads have 
been o rde red and t es ted . O the r c ryogen ic - re la ted e q u i p m e n t 

Excavation work begins at the far end of CERN's Meyrin site for 
the access shaft for one of the two transfer tunnels which will 
take protons from the SPS to the LHC. During LHC construction 
the big LHC magnets will be lowered down this shaft 

Across the road from CERN's main entrance, work advances on 
the large building which will shelter the shafts down to the large 
underground experimental area for the ATLAS detector. 
(Photos: CERN/ST-CE.) 

reflects fur ther the wor ld invo lvement in the LHC. Power suppl ies for 
q u e n c h hea te rs are be ing d e v e l o p e d by a co l labora t ion work ing 
th rough the Ind ian Cent re of A d v a n c e d Techno logy , Indore , whi le 
equ ipmen t to hand le the extract ion of the s tored superconduc t ing 
energy in the event of a q u e n c h is be ing des igned and const ruc ted 
by Russ ian indust ry and by IHER Serpukhov . 

A lso being supp l ied f rom Russ ia , in th is case the Budker Insti
tute, Novosib i rsk, are 360 w a r m d ipo les and 180 quadrupo les for 
the two 2.5 km t ransfer l ines feed ing protons f rom the S P S to the 
L H C . T h e first magne ts have ar r ived. 

Wi th the technica l speci f icat ion of the d ipole cold masses c o m 
plete, a lmost the last act of 1998 at C E R N w a s to issue a call for 
tenders for the first phase of LHC dipole p rocurement . 
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Microprocessors 

EPIC developments in 
processing power 
CERN's demanding data processing 
requirements provide the testbed for a 
new range of semiconductor chips and 
associated software developed jointly by 
industrial giants Hewlett-Packard and 
Intel and which are aimed at new 
generations of computers. 

In t he long r u n , t e c h n o l o g y a lways benef i ts f r om n e w sc ient i f ic 
insights. Modern sem iconduc to r techno logy , for e x a m p l e , is one of 
the ul t imate appl icat ions of q u a n t u m mechan i cs . 

But there are other ways in wh ich sc ience can drive technology. For 
sc ience to advance , researchers look at the wor ld a round us in new 
w a y s and under spec ia l cond i t ions . T h e fur ther sc ience a d v a n c e s , 
t he m o r e unusua l t h e s e cond i t i ons b e c o m e . I r respec t i ve of the 
u l t imate sc ient i f ic b r e a k t h r o u g h , t h e s e inc reas ing ly s t r ingent 
d e m a n d s f requen t l y ca ta l yse new techno log i ca l d e v e l o p m e n t s . 
Cryogen ics , high v a c u u m and data acquis i t ion and p rocess ing are 
e x a m p l e s of a reas w h e r e the spec ia l r equ i r emen ts of par t ic le 
phys ics have fos tered industr ial p rogress. 

A t C E R N ' s L H C col l ider n o w unde r c o n s t r u c t i o n , t he v e r y h igh 
event - ra tes call for a major push in data acquis i t ion and process ing 
power for the exper iments . Each LHC exper imen t will genera te a tor
rent of in fo rmat ion , abou t 100 Mby te per s e c o n d , equ iva len t to a 
smal l library. Wi th raw events happen ing every 25 n a n o s e c o n d s , the 
data v o l u m e s will grow at an a la rm ing rate, and a major upgrade in 
data handl ing capabi l i ty is cal led for in order that p rec ious phys ics 
in format ion is not to be lost. 

In add i t ion , to min imize the requ i rement for expens ive c o m p u t e r 
power d o w n s t r e a m , as m u c h process ing as possib le has to be done 
by hardware strategical ly d is t r ibuted ups t ream. 

M o o r e ' s L a w 
At the s a m e t ime, the highly compet i t i ve compu te r indus t ry is c o n 
t inua l ly at wo rk deve lop ing its next genera t i on of p roduc t s . T h e 
indus t r y a c c e p t s a law first put f o rwa rd by Intel f o u n d e r G o r d o n 
Moore , wh ich s ta tes that the n u m b e r of t rans is tors that can be har
n e s s e d for a par t icu lar task d o u b l e s e v e r y 18 m o n t h s . W i t h p ro 
cess ing s p e e d thus a lso increas ing at an annua l rate of 60%, new 

64-bit architecture 

_L_ 
99 00 01 02 

year 

03 04 05 

64-bit p r o c e s s o r s 
wi l l se t c o m p u t i n g 
p e r f o r m a n c e o n a 
n e w pa th . T h e c h a r t 
c o m p a r e s the i r 
p ro jec ted evo lu t ion 
w i th tha t of 32-bi t 
a rch i tec tu re ove r 
t he cons t ruc t ion 
per iod fo r C E R N ' s 
L H C . 

a p p r o a c h e s are cont inua l ly sough t to take m a x i m u m advan tage of 
this incredib le rate of a d v a n c e . 

It is ex t remely expens i ve for a c o m p u t e r manu fac tu re r to e m b a r k 
on major d e v e l o p m e n t a lone . C o m p u t e r supp l ie r Hewle t t -Packard 
and s e m i c o n d u c t o r g ian t Intel a n n o u n c e d a jo in t r esea rch a n d 
deve lopmen t project in 1994 wi th the ob ject ive of cater ing for s y s 
t e m s to a p p e a r on the marke t at the end of the 90s . At the t ime , it 
w a s al ready clear that 32-bi t techno logy wou ld soon have y ie lded all 
it cou ld , and future deve lopmen ts wou ld have to turn to a more f lex
ible a p p r o a c h . 

T h e o u t c o m e - the new Expl ici t ly Paral lel Instruct ion Compu t i ng 
( E P I C ) t echno logy - is a mi les tone in p rocesso r deve lopment . EPIC 
is the foundat ion for a new generat ion of 64-bit instruction set arch i 
tecture dr iv ing the f low of opera t ions th rough the mic roprocessor . 

T h e ma in a d v a n c e is the ch ip 's capac i t y for paral lel p rocess ing , 
handl ing di f ferent opera t ions at the s a m e t ime rather t han the t ra
di t ional sequen t ia l a p p r o a c h . A good e x a m p l e of sequen t ia l p ro 
cess ing is a t rad i t i ona l air l ine check - i n , w h e r e a l though there are 
normal ly m a n y paral lel coun te rs , e a c h c u s t o m e r can only use one . 
At each coun te r a s ingle clerk hand les a long s e q u e n c e of o p e r a 
t ions - t icket, sea t a l locat ion, baggage , board ing pass etc. 

T h r o u g h p u t cou ld be i nc reased wi th m o r e c lerks beh ind e a c h 
counter , each clerk be ing respons ib le for a speci f ic opera t ion , but 
th is is not t r ue pa ra l l e l i sm. E v e n in t he t rad i t iona l check - i n 
a p p r o a c h , sequent ia l opera t ions eventua l l y b e c o m e paral lel - bag
gage is accep ted i tem by i tem before be ing a s s e m b l e d into paral lel 
loads for di f ferent aircraft. 

However , in a ful ly paral lel p rocess ing env i ronment , all check- in 
tasks wou ld be hand led at separa te coun te rs coord ina ted by a c e n 
tral processor . C u s t o m e r s wou ld be tagged as they en tered the air
por t bu i ld ing a n d t he w h o l e check - i n ope ra t i on w o u l d b e c o m e 
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Microprocessors 

s c h e d u l e d to occu r in para l le l . 
T h e n e w EPIC des ign a d v a n c e s on cu r ren t X 8 6 

Intel a rch i tec tu re by a l low ing t he so f twa re to tell 
t he p r o c e s s o r w h e n para l le l o p e r a t i o n s a re 
n e e d e d . T h i s r educes the n u m b e r of b r a n c h e s a n d 
op t im izes the l inks be tween p rocess ing a n d m e m 
ory. U n d e r t he c o d e n a m e M e r c e d , t he first 64-bi t 
p r o c e s s o r is s c h e d u l e d for p r o d u c t i o n nex t year . 

Predication enhances parallelism 
w i t h o u t p red i ca t i on 

(execution must jump around) 
w i t h p red i ca t i on 

(execution is done in one block) 

(weather==sunshine) 
Jump if false; 

Then Equipml=beachwear; 
Equipm2=sunglasses; 
Jump; 

Equipml=raincoat; 
Equipm2=umbrella; 

Next instruction; 

S o f t w a r e 
W i t h Intel tak ing respons ib i l i t y for t he h a r d w a r e , E | S e 

Hewle t t -Packa rd f o c u s e s on the assoc ia ted c o m 
pi lers and o ther so f tware . HR wi th its long t radi t ion 
of sc ient i f ic c o m p u t i n g , has spec ia l r equ i remen ts 
in th is a rea . 

T h e s e q u e n c i n g of ope ra t i ons by the comp i le r had b e e n a bot t le
neck . T h e comp i le r in its has te cou ld m ispred ic t t he path an o p e r a 
t ion s h o u l d take , a n d th is cou ld a b s o r b up to 3 0 % of p e r f o r m a n c e . 
M e m o r y t e c h n o l o g y d o e s no t a d v a n c e as qu ick l y as p r o c e s s i n g 
power , a n d m e m o r y lags w e r e h inder ing p rocess ing . 

T h e vital in ter face b e t w e e n the cl ient 's app l ica t ion e n v i r o n m e n t 
a n d the p rocesso r is t he compi ler , the so f tware wh i ch t rans la tes the 
c u s t o m e r ' s h igh level p rog ram into c ryp t i c ins t ruc t ions w h i c h t he 
s e m i c o n d u c t o r logic can fol low. A da ta p rocess ing cl ient w a n t s to 
benef i t f r om inc reased p e r f o r m a n c e , but w i thou t d is rup t ing his w a y 

pl,p2<=(weather==sunshine) 
Then 
( p i ) Equipml=beachwear; 
( p i ) Equipm2=sunglasses; 
Next instruction; 

(p2) Equipml=raincoat; 
(p2) Equipm2=umbrella; 
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of work ing . 
Exist ing comp i l e r s had a c k n o w l e d g e d the adven t of para l le l ism 

and ex t rac ted wha teve r a s p e c t s t hey cou ld s e e . However , the n e w 
a p p r o a c h goes for expl ic i t para l le l ism f rom the start , in t roduc ing an 
e lemen t of pred ic t ion, t ry ing to get as m a n y th ings as poss ib le ready 
in a d v a n c e . 

In the first part of th is jo in t Hew le t t -Packa rd project severa l key 
app l ica t ions at C E R N will be p repa red for t he IA64 arch i tec ture by 
test ing t h e m wi th Hewle t t -Packard 's exist ing compi lers . In one recent 
m i l es tone , t he b rand n e w G E A N T 4 ob jec t -o r i en ted s imu la t i on kit 
has func t ioned correct ly in th is env i ronmen t . Similarly, severa l C E R N 
b e n c h m a r k p rog rams have b e e n run a n d o ther app l ica t ions will be 
por ted to the n e w e n v i r o n m e n t over the c o m i n g mon ths . C E R N pro
jec t m a n a g e r is Sve r re J a r p , a n d Elzb ieta R ich te r -Was f rom Krakow 
a n d a m e m b e r of t he A T L A S e x p e r i m e n t at C E R N ' s L H C is pro jec t 
assoc ia te . 

Th is effort shou ld a l low C E R N and h igh -ene rgy phys ics to b e c o m e 
" e a r l y a d o p t e r s " o f t he n e w p r o c e s s o r - t he app l i ca t i ons wil l be 
ready to run as s o o n as the n e w c o m p u t e r s a p p e a r on the market . 
T h e project will a lso ensu re that the p rog rams reap the full benef i t of 
the parallel a rch i tec ture .Th is will enab le the global comput ing needs 
of the four ma jo r L H C e x p e r i m e n t s to be ach ieved inside a real ist ic 
f inancia l enve lope . 

L i b r a r y 
In the s e c o n d par t of t he pro ject , C E R N a n d Hew le t t -Packa rd a re 
imp lement ing a highly accura te and opt im ized mathemat ica l library. 
Many of C E R N ' s p r o g r a m s , s u c h as phys i cs even t genera to rs , rely 
heavi ly on mathemat ica l funct ions s u c h as exponent ia ls , logar i thms, 
and power func t ions . 

F loat ing-po in t ca lcu la t ions for h i g h - e n e r g y phys ics are inc reas 
ingly be ing d o n e to 64-bi t p rec is ion . If an expe r imen t n e e d s a reso 
lut ion o f o n e m i c r o n ove r 10 m e t r e s , 32 -b i t p rec is ion b e c o m e s 
insuff ic ient. 64-bi t p rec is ion is so g o o d , however , that even wi th a 
detec tor as big as Jup i te r w e cou ld still c o m p u t e to an a c c u r a c y of 
abou t a hund red th of a m i c r o n ! 

Impor tant add i t ions , s u c h as h igh -speed random n u m b e r g e n e r a 
tors, will be a d d e d to the library. Detec tor s imula t ion p rograms are 
notor ious c o n s u m e r s of r a n d o m n u m b e r s and the new EPIC techno l 
o g y will be ab le to chu rn out t hese n u m b e r s faster than ever before. 
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ATLAS 

1800 physicists from 
33 countries are 
participating in the 
ATLAS experiment, the 
largest detector being 
built for CERN's LHC 
collider. CERN Courier 
asked ATLAS Spokes
person Peter Jenni how 
the collaboration works. 

T h e L H C will col l ide p ro tons at h igher energ ies ( 7 T e V per b e a m ) t han 
ever ach ieved before u n d e r l abo ra to ry cond i t i ons to pene t ra te still 
fu r ther into the s t ruc ture of mat te r a n d recreate t he cond i t i ons of the 
un ive rse jus t 10" 1 2 s e c o n d s after t he Big B a n g w h e n the t e m p e r a t u r e 
w a s 1 0 1 6 deg rees . Des ign ing a n d bui ld ing a part ic le phys ics de tec to r 
like A T L A S - 7000 t o n n e s of h igh t e c h n o l o g y e q u i p m e n t - invo lves 
m o r e t han jus t fo l lowing a s h e e t of inst ruct ions. In a m o d e r n - d a y par
allel of a potent ia l Tower of Babe l s c e n a r i o , sc ient is ts have to work 
toge the r as a t e a m whi le rema in ing t h o u s a n d s of mi les apar t . 
W h a t i s t h e b a l a n c e b e t w e e n i n d i v i d u a l c r e a t i v i t y a n d b e i n g 
p a r t o f s u c h a l a r g e c o l l a b o r a t i o n ? 
T h e s u c c e s s f u l d e s i g n a n d c o n s t r u c t i o n of a large a n d c o m p l e x 
s ta te -o f - the -a r t de tec to r requ i res t h e c rea t i ve par t i c ipa t ion of m a n y 
p e o p l e . It is not t he co l l abora t ion tha t is c rea t i ve , but t h e s u m of its 
i nd iv idua l m e m b e r s . T h e r e a re m a n y s u b s y s t e m s , s o t ha t p e o p l e 
mos t l y w o r k in sma l l g r o u p s , con t r i bu t ing creat ive ly . E n s u r i n g tha t 
all s y s t e m s fit a n d w o r k together , a n d a re a f fo rdab le , c o n s t r a i n s the 
c rea t i ve p r o c e s s , but g o o d i deas wil l m a k e the i r w a y ! 
H o w a r e i m p o r t a n t d e c i s i o n s m a d e ? H o w a r e i n d i v i d u a l s h e a r d ? 
Many impor tant dec is ions involve jus t one or two s u b s y s t e m s . T h e y are 
d i s c u s s e d initially in t he s u b s y s t e m p l e n a r y mee t i ngs , w h e r e e v e r y 
b o d y c a n par t ic ipa te a n d m a k e the i r v o i c e s h e a r d . R e c o m m e n d a 
t ions are t hen d i scussed in the A T L A S Execut ive B o a r d , a n d p resen ted 
in p l ena ry mee t ings wh ich play a p r ima ry role in f o rm ing a c o n s e n s u s 
w h e n dec i s ions are r e q u i r e d . T h e leadersh ip c a n on ly " l e a d " the co l 
laborat ion to dec is ions wh i ch are u n d e r s t a n d a b l e to al l , or at least to 
a large majori ty. Pract ical cons t ra in ts - cos ts , s c h e d u l e , t he avai lab i l 
ity of m a n p o w e r etc - a lso c o m e into the e q u a t i o n . T h e r e is a c lear 
s e q u e n c e of s teps f r om s u b s y s t e m to s y s t e m s , w i th t he vo te by the 
Co l l abo ra t i on B o a r d be ing t h e u l t ima te s t e p for m a j o r d e c i s i o n s . 

H o w i s s u c h a l a r g e a n d f a r - f l u n g c o l l a b o r a t i o n m a n a g e d ? 
E a c h s u b s y s t e m h a s its o w n m a n a g e m e n t t e a m . At t he s a m e t i m e , 
t he Execu t i ve B o a r d a n d S p o k e s p e r s o n ma in ta in genera l overs igh t . 

T h e Techn i ca l C o o r d i n a t i o n t e a m is r espons ib le for m a k i n g s u r e 
tha t all s u b s y s t e m s fit together . In para l le l , t he re are nat iona l rep re 
sen ta t i ves w h o mon i to r t he use of r e s o u r c e s f r om the i r respec t i ve 
coun t r i es a n d m a k e s u r e t h e y a re wel l u s e d . 

T h e Co l labora t ion Board se ts ou t po l icy i ssues , a n d is not invo lved 
wi th e x e c u t i o n , w h i c h is a m a n a g e m e n t responsib i l i ty . However , f re 
q u e n t c o n t a c t s , b e t w e e n fo r e x a m p l e t h e S p o k e s p e r s o n a n d t h e 
Co l l abo ra t i on B o a r d Chai r , e n s u r e t ha t po l icy i ssues a re p r o p e r l y 
h a n d l e d , a n d t ha t fa i r s o l u t i o n s a re f o u n d for d i f f icul t p r o b l e m s . 
Final ly, d i rect con tac t s b e t w e e n ind iv idua ls a n d t e a m s w i th t h e c o l 
labora t ion m a n a g e m e n t a l so p lay a n impo r t an t role. 
H o w d o 1 8 0 0 p e o p l e c o m m u n i c a t e a m o n g t h e m s e l v e s ? H o w 
d o y o u b r i d g e l a r g e d i s t a n c e s a n d o v e r c o m e t i m e d i f f e r e n c e s ? 
Elec t ron ic c o m m u n i c a t i o n ( e - m a i l , W e b , t e l e p h o n e , v i d e o con fe r 
e n c i n g ) is o b v i o u s l y v e r y impor tan t . Howeve r , regu lar d i rect h u m a n 
con tac t s are c ruc ia l . Mee t i ngs play a s ign i f i can t role. 
H o w a r e t a s k s a p p o r t i o n e d ? 
By t r y ing to m a t c h the in terests a n d resou rces of the par t ic ipat ing 
t e a m s to the t asks .Th i s c a n s u c c e e d on ly if eve ryone is a lso wi l l ing to 
sha re the less in terest ing but n e c e s s a r y t asks s u c h as bui ld ing s u p 
port s t ruc tu res , cont r ibu t ing to buy ing cab les , wr i t ing utility so f twa re 
e t c .Th i s wo rks b e c a u s e t he phys ic is ts a re mot iva ted by the p rospec t 
of exc i t ing resu l ts , w h i c h d e p e n d o n h a v i n g a c o m p l e t e , w o r k i n g 
detector s y s t e m . Of course it is not a lways e a s y to arr ive at an opt imal 
task -sha r ing to e v e r y o n e ' s sa t i s fac t ion , w i th all t asks a s s i g n e d . 
H o w a r e t h e c o s t s a p p o r t i o n e d ? 
T h e r e is no abso lu te f o rmu la . Large t e a m s f rom weal thy count r ies are 
e x p e c t e d to c a r r y a larger s h a r e of t h e cos t s t h a n sma l l t e a m s f r o m 
count r ies w i th d e v e l o p i n g e c o n o m i e s . Ma tch ing the poss ib le con t r i 
bu t ions of t e a m s a n d coun t r i es to t h e overa l l ef fort is a cent ra l par t 
of f o r m i n g t h e co l l abo ra t i on . 
W h e r e d o e s t h e m o n e y c o m e f r o m ? 
Most ly f r o m the f u n d i n g a g e n c i e s of t he v a r i o u s par t ic ipat ing c o u n 
tr ies. T h e r e are a lso s ign i f i cant con t r i bu t i ons f r o m C E R N , a n d s o m e 
r e s o u r c e s f r o m ind iv idua l un ivers i t ies . 
H o w d o p e o p l e j o i n ? 
T e a m s in teres ted in A T L A S m a y con tac t t he S p o k e s p e r s o n , a n d the i r 
in terest is t h e n b rough t to t he a t ten t ion of t he Co l labora t ion B o a r d 
( C B ) . A f te r e x a m i n i n g the i r r e s o u r c e s , the i r po tent ia l s h a r e of t h e 
work , the i r re la t ionsh ips w i th o the r t e a m s a l ready wo rk ing on A T L A S 
etc, t h e C B v o t e s o n the i r a d m i s s i o n . 
H o w d o y o u e n s u r e t h a t a l l t h e d e t e c t o r p i e c e s f i t t o g e t h e r ? 
T h e T e c h n i c a l Coord ina to r , s u p p o r t e d by t h e T e c h n i c a l Coo rd ina t i on 
T e a m , w o r k s w i th all t he s u b s y s t e m g r o u p s to e n s u r e tha t t he s e p a -
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Assembling a tile calorimeter for the ATLAS experiment at CERN. 

rate p ieces will fit t oge ther w i thou t interfer ing wi th e a c h other, a n d 
tha t t he full de tec to r c a n be a s s e m b l e d . 
H o w w i l l d a t a a n a l y s i s b e s h a r e d a m o n g 1 8 0 0 p e o p l e ? 
T h e data will p rov ide exper imenta l input for m a n y sepa ra te research 
top ics . A T L A S sc ient is ts will pu r sue t h e s e research a reas mos t l y in 
sma l l g roups work ing at their h o m e inst i tut ions. All co l labora tors will 
be invi ted to ana l yse the da ta by be ing par t of ana lys i s t e a m s . 

In s o m e respects data ana lys is by indiv idual A T L A S physic is ts can 
be c o m p a r e d to da ta a n a l y s i s by a s t r o n o m e r s us ing t h e H u b b l e 
S p a c e T e l e s c o p e . In bo th c a s e s , sc ien t i s t s c h o o s e t he r e s e a r c h 
a r e a s and data that interest t h e m most . 

H o w d o e s a c o l l a b o r a t o r g e t c r e d i t f o r h i s / h e r c o n t r i b u t i o n s ? 
Th is is of cou rse a ma jo r ques t i on . Internal pub l ica t ions wi th in the 
co l labora t ion , usua l ly wi th o n e or a f ew au tho rs , will d o c u m e n t indi
v idua l con t r i bu t i ons .These can be m a d e k n o w n to the who le s c i e n 
tific commun i t y . A l s o , lead ing cont r ibu t ions are of ten recogn ized by 
ask ing the pe rson to s p e a k at c o n f e r e n c e s . However , the large co l 
labora t ions still have to learn h o w to hand le th is ques t i on . Major 
results are ob ta ined col lectively, b e c a u s e peop le are wil l ing to sha re 
the tasks . It is not on ly the f inal ana lys i s wh ich coun ts , but all t he 
work wh i ch m a k e s it poss ib le to co l lect t he da ta , and cal ibrate a n d 
p repare it for f inal ana lys is . 
W h a t is t h e i m p a c t o f t h e g l o b a l s p r e a d o f t h e c o l l a b o r a t i o n ? 
H o w d o e s o n e c o n t r i b u t e f r o m 6 0 0 0 m i l e s a w a y ? 
T h e g loba l s p r e a d impl ies tha t fac tors s u c h as t ranspor t of c o m p o 
nents need to be taken into a c c o u n t dur ing the cons t ruc t ion , a n d 
tha t c o m m u n i c a t i o n logis t ics p lay a m a j o r ro le. Full i n f o rma t i on , 
eventual ly inc luding data ana lys is , mus t be avai lable s imu l taneous ly 
all over the wo r l d . Neve r the less , it a lso impl ies that sc ient is ts f rom 
outs ide Eu rope have to t ravel long d i s tances to par t ic ipate in d is
cuss ions and mee t i ngs , in t he de tec to r a s s e m b l y and test ing, a n d 
even tua l l y in t he o p e r a t i o n of t h e e x p e r i m e n t . T h e y m a y h a v e to 
s p e n d e x t e n d e d per iods a w a y f rom thei r h o m e s and h o m e inst i tu
t ions. However , all A T L A S sc ient is ts are af ter the s a m e goal of do ing 
f ront l ine L H C phys i cs , a n d are t h e r e f o r e wi l l ing to e n d u r e t h e s e 
i nconven iences to ach ieve tha t goa l . But be ing away f rom h o m e is 
not necessar i l y a lways a d i sadvan tage . In part icular y o u n g peop le 
are s t imu la ted by s u c h expe r i ence . 
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Bruno Touschek 

Electron-positron pioneer 
In 1960 Bruno Touschek gave a talk on 
electron-positron collisions that would 
change the face of physics. Last November, 
30 years after his death, physicists 
gathered to celebrate Touschek's work. 

O n 16 N o v e m b e r 1998 t h e I N F N Labo ra to r i Naz iona l i di F rasca t i 
c e l e b r a t e d t he m e m o r y o f B r u n o T o u s c h e k , t h e sp i r i tua l f a the r of 
e l ec t ron -pos i t r on phys ics , o n t he 30 th a n n i v e r s a r y of his p r e m a t u r e 
d e a t h . O n the o c c a s i o n , Frascat i a n n o u n c e d t he inst i tut ion o f t he 
B r u n o T o u s c h e k grant for h igh -schoo l s t u d e n t s w h o exce l in s c i e n c e . 

A f te r e s c a p i n g f r o m a c o n c e n t r a t i o n c a m p d u r i n g t h e S e c o n d 
W o r l d War , t he A u s t r i a n - b o r n T o u s c h e k b e g a n w o r k in Go t t i ngen a n d 
G lasgow, a n d even tua l l y r e a c h e d R o m e in 1952 . O n 7 M a r c h 1960 
he gave a histor ic s e m i n a r at Frascat i t ha t w o u l d c h a n g e t h e f a c e of 
phys i cs . Po in t ing ou t t he i m p o r t a n c e of c a r r y i n g ou t a s y s t e m a t i c 
s tudy of e lec t ron -pos i t ron col l is ions, he sugges ted that th is cou ld be 
a c h i e v e d by cons t ruc t i ng a s ing le m a g n e t i c r ing in w h i c h e lec t rons 
a n d pos i t rons c i rcu la te at t he s a m e e n e r g y but in o p p o s i t e d i rec
t ions. S o o n a f te rwards , the first e lec t ron -pos i t ron accumu la t i on r ing, 
A d A , w a s buil t u n d e r his l eade rsh ip in F rasca t i . 

T h e m e m o r i a l m e e t i n g , he ld in t he m a i n aud i t o r i um of t he labor
a to ry , n a m e d af ter T o u s c h e k , w a s t h e o c c a s i o n fo r d i s t i n g u i s h e d 
phys ic is ts to rev iew the past , p resen t a n d fu tu re of th is still d y n a m i c 
f ie ld of r e s e a r c h . Af ter T o u s c h e k ' s c l ose f r i ends a n d co l l abo ra to rs , 
G io rg io Sa lv in i a n d Car lo Be rna rd i n i , reca l led his bri l l iant p e r s o n 
al i ty a n d the "g lo r ious d a y s " of A d A , J a c q u e s Ha iss insk i d e s c r i b e d 
t he s e c o n d s tep of th is p ionee r i ng w o r k - t he m o v e of A d A to Orsay, 
a n d t he s u b s e q u e n t cons t ruc t i on of t h e A C O r ing in tha t labora tory . 

R e v o l u t i o n a r y resu l t s t h e n 
f l owed f r o m e l e c t r o n - p o s i t r o n 
r ings all ove r t h e w o r l d . In 
par t icu lar , in t he ea r l y 1970s 
e l e c t r o n - p o s i t r o n co l l i s ions 
h e l p e d c h a n g e o u r v i e w o f 
h a d r o n s (pa r t i c l es tha t , l ike 
t h e p ro ton a n d t he p i o n , a n d 
un l i ke t h e e l e c t r o n , c a r r y t h e 
" s t r o n g " f o r c e ) f r o m e l e m e n 
t a r y to c o m p o s i t e pa r t i c les . 
T h i s w a s c o v e r e d by M a s s i m o 
T e s t a , w h o u n d e r l i n e d t h e 
m a j o r role of A d o n e , Frascat i ' s 
s e c o n d - g e n e r a t i o n e l e c t r o n -
pos i t r on m a c h i n e , in t h e s e 
d e v e l o p m e n t s . 

Em i l i o P i c a s s o ' s c o m p r e 
h e n s i v e rev iew o f e l e c t r o n -
pos i t r on m a c h i n e s , f r o m A d A 
to t h e wor ld ' s largest r ing, L E P 
at C E R N , i n t r o d u c e d t h e 
p r e s e n t role o f e l e c t r o n -
p o s i t r o n p h y s i c s . G u i d o A l t a -
relli s t r e s s e d t h e p r o m i n e n t 
role of L E P a n d its U S coun te r 
par t , S t a n f o r d ' s S L C , in t h e 
d e t a i l e d c o n f i r m a t i o n o f t h e 
S t a n d a r d M o d e l , o u r b e s t 
d e s c r i p t i o n o f e l e m e n t a r y 

Bruno Touschek in 1964. 

Carlo Bernardini, a colleague 
of Bruno Touschek, addresses 
the memorial meeting. 

par t i c le i n te rac t i ons s o far. 
L E P is in t he fo re f ron t o f t h e 

s e a r c h fo r p h y s i c s b e y o n d t h e S t a n d a r d M o d e l . O n e h int o f s u c h 
new phys ics m igh t be t he recen t resu l ts f r o m the S u p e r K a m i o k a n d e 
Co l l abo ra t i on in J a p a n , l ook ing at n e u t r i n o s p r o d u c e d by c o s m i c 
rays in t h e Ear th ' s a t m o s p h e r e a n d w h i c h s u g g e s t neu t r ino osc i l 
lat ions. C E R N D i rec to r -Genera l Luc iano Maian i s h o w e d w h y th is is s o 
exc i t ing a n d u n d e r l i n e d t h e i m p o r t a n c e of c o n d u c t i n g acce le ra to r 
expe r imen ts unde r cont ro l led cond i t i ons to exp lo re neut r ino m a s s e s 
a n d m ix ings . Pro jec ts for s u c h e x p e r i m e n t s a re a l ready u n d e r way , 
bo th in J a p a n a n d t h e U S A , bu t t h e r e is stil l r o o m fo r E u r o p e to 
par t i c ipa te in s u c h a v e n t u r e . T h e q u e s t i o n " Is a m e a n i n g f u l 
in te rnat iona l sc ient i f ic p r o g r a m m e p o s s i b l e ? " begs an answer . 

For t he i m m e d i a t e fu tu re , Frascat i wil l aga in be in t he fo re f ron t o f 
e l e c t r o n - p o s i t r o n p h y s i c s w i th t h e n e w D A F N E ph i - fac to ry , w h i c h 
ob ta i ned its f irst co l l i s ions last M a r c h . Miro Preger exp la i ned h o w 
the m a c h i n e h a s a l ready e x c e e d e d a lum inos i t y of 1 0 3 0 p e r s q . c m 
per s o p e r a t i n g w i t h o n l y o n e b u n c h o f e l e c t r o n s a n d o n e of 
pos i t rons . In t h e n e a r fu tu re t h e m a c h i n e is e x p e c t e d to run w i th 
m o r e t h a n 100 b u n c h e s pe r b e a m to r e a c h t h e d e s i g n r e c o r d 
luminos i t y of 5 x 1 0 3 2 . 

T h e r eason beh ind s u c h a high luminos i t y w a s exp la ined by Pao lo 
Franz in i : it wil l a l low a b o u t 5 0 0 0 ph is pe r s e c o n d to be p r o d u c e d 
and will de tec t thei r s u b s e q u e n t d e c a y s into cha rged or neutral kaon 
pai rs . T h e i r s t u d y s h o u l d s h e d l ight o n t h e l ong -s tand ing puzz le of 
the v io la t ion of C P s y m m e t r y . A n e w big de tec to r , K L O E , bui l t for th is 
p u r p o s e , is a c o m m o n ef for t by m o r e t h a n 120 phys ic is ts f r om Italy, 
G e r m a n y , t he U S A , R u s s i a , C h i n a a n d Is rae l , a n d initial resu l ts a re 
eager l y a w a i t e d . 

For t h e longer t e r m f u t u r e , t h e e l e c t r o n - p o s i t r o n c o m m u n i t y is 
f ocus i ng on pro jec ts for a n e w v e r y - h i g h - e n e r g y l inear col l ider, a s 
p resen ted by the f inal speake r , Marce l lo P i c c o l o . T h r e e i n d e p e n d e n t 
s t u d y g r o u p s h a v e a l r e a d y a d d r e s s e d th is i ssue in E u r o p e , J a p a n 
a n d the U S A . A cos ted des ign is e x p e c t e d for 2 0 0 1 ; after a se lec t ion 
a n d app rova l p r o c e d u r e , cons t r uc t i on c o u l d s ta r t in 2 0 0 3 . 

In t h e n e w cen tu r y , T o u s c h e k ' s i d e a s wil l c o n t i n u e to gu ide o u r 
exp lo ra t ion of t h e f u n d a m e n t a l in te rac t ions . 
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Amsterdam Pulse Stretcher 

In retrospect: electron J 
The recent closure of the Amsterdam Pulse 
Stretcher marks the end of 30 years of 
electron accelerators in the Netherlands. 

T h e tu rn o f t h e yea r w a s s ign i f i can t fo r t h e D u t c h N I K H E F l abo ra to r y : 
1998 w a s t h e last y e a r in w h i c h d a t a w e r e t a k e n at t h e ins t i tu te 's 
A m s t e r d a m P u l s e S t r e t c h e r ( A m P S ) . E v e n b e f o r e t h e A m P S w a s 
bui l t , f u n d i n g o r g a n i z a t i o n s h a d d e c i d e d t h a t it w o u l d o n l y be 
exp lo i t ed f r o m 1992 to 1998 b e c a u s e it w a s a h e a v y l oad o n t h e 
D u t c h s c i e n c e budge t . 

T h e f irst s t e p s t o w a r d s e lec t ron sca t t e r i ng e x p e r i m e n t s in A m s t e r 
d a m w e r e t a k e n at t h e b e g i n n i n g of t h e 6 0 s w h e n inst i tu te d i rec to r 
Prof . G u g e l o t s e n t his f o r m e r P h D s t u d e n t C o n r a d d e V r i e s to S t a n 
f o r d . T h e r e , at t h e c rad le o f e l ec t r on sca t t e r i ng , d e V r i e s w o r k e d in 
R o b e r t Ho f s tad te r ' s g r o u p . T h e 3 k m l inear e l ec t r on a c c e l e r a t o r w a s 
b e i n g d e s i g n e d nex t d o o r at S L A C . O n h is re tu rn t o A m s t e r d a m , de 
V r ies c o n v i n c e d t he inst i tute ( t h e n ca l led IKO, t he Inst i tuut v o o r K e r n -
f y s i s c h O n d e r z o e k ) t ha t e l ec t ron sca t t e r i ng p r o v i d e d t h e bes t p o s s i 
bi l i t ies for f u tu re n u c l e a r p h y s i c s e x p e r i m e n t s . 

W h i l e d e V r i e s f o r m e d a r e s e a r c h g r o u p a n d d e s i g n e d e x p e r 
i m e n t s , a l inear a c c e l e r a t o r w a s c o n s t r u c t e d in a j o in t e f for t by I K O 
a n d t h e Ph i l i ps c o m p a n y . In 1 9 4 6 Ph i l i ps h a d bui l t t h e s y n c h r o 
c y c l o t r o n a t I K O - t h e f i rst in E u r o p e . N o w it w a n t e d to ga in e x p e r 
i e n c e in c o n s t r u c t i n g l i nea r a c c e l e r a t o r s , t h e r e b y u s i n g 
s u p e r c o n d u c t i v i t y . It w a s a n a m b i t i o u s g o a l , a n d w h e n t h e d e t e c 
t o r s w e r e r e a d y t h e r e w e r e stil l p r o b l e m s w i th t h e acce le ra to r . L o n g 
d e l a y s w e r e f o r e s e e n a n d d e V r i e s t u r n e d to his f o r m e r c o l l e a g u e s in 
S t a n f o r d . In 1966 t h e U S A t o m i c E n e r g y C o m m i s s i o n a p p r o v e d a 
p l a n t o s e n d t w o s p a r e S L A C s e c t i o n s t o A m s t e r d a m - o f f ic ia l ly 
" o n p e r m a n e n t l o a n " . T h e t w o 3 m e t r e s e c t i o n s f o r m e d a 9 0 M e V 
l i nea r a c c e l e r a t o r ( w i t h t h e D u t c h a c r o n y m E V A ) , w h i c h b e c a m e 
o p e r a t i o n a l in 1968 . 

S i n c e t h e N e t h e r l a n d s c o u l d no t go for large a c c e l e r a t o r s or h u g e 
p ro jec t s , d e V r i e s d e c i d e d to a i m for p rec i s i on m e a s u r e m e n t s . V e r y 
p rec i se d a t a o n t h e c h a r g e rad ius o f c a r b o n - 1 2 a re still s t a n d a r d 
t o d a y . T h e spa t ia l m a g n e t i c d is t r ibu t ion w a s m e a s u r e d fo r a va r i e t y 
o f nuc le i , r ang ing f r o m l i th ium-6 to i nd ium-115 . A t t h e s e low ene r 
g ies it is di f f icul t to s e p a r a t e t h e s m a l l m a g n e t i c con t r i bu t i on f r o m 
t h e m u c h larger c h a r g e c o n t r i b u t i o n , w i t h o n e e x c e p t i o n : at a sca t 
te r ing ang le o f 180° o n l y t h e m a g n e t i c c o m p o n e n t c o n t r i b u t e s . In a 
spec ia l l y bui l t 180° a r r a n g e m e n t - c o m p a r a b l e to t h e o n e bui l t by 
B a r b e r a n d P e t e r s o n a t S L A C - m a g n e t s w e r e u s e d to s e p a r a t e 
b a c k - s c a t t e r e d e l e c t r o n s f r o m t h e i n c o m i n g e l e c t r o n b e a m . T h e 
resu l t ing d a t a w e r e c o m p l e m e n t a r y to h i ghe r e n e r g y resu l t s at t h e 
6 0 0 M e V e lec t ron a c c e l e r a t o r ( A L S ) at Sac lay . 

F r o m t h e s ta r t it w a s c lea r t ha t a larger a c c e l e r a t o r t h a n E V A w a s 

In 1966 two 
spare sections 
of the then new 
SLAC linac 
arrived in 
Amsterdam 
to form the 
90 MeV EVA 
linear 
accelerator. 
Here Conrad 
de Vries (right) 
and accelerator 
engineer 
Pieter-Hans 
Bruinsma are 
carrying one of 
the sections. 

n e e d e d , a n d t h e f i rst p l ans fo r a m e d i u m - e n e r g y a c c e l e r a t o r ( M E A ) 
w e r e s u b m i t t e d a t t h e e n d o f t h e 6 0 s . T h e c o s t o f th i s 5 0 0 M e V 
m a c h i n e - a b o u t 4 0 mi l l ion gu i lde rs fo r cons t r uc t i on - w a s v e r y h igh 
by D u t c h s t a n d a r d s , a n d t h e p ro jec t r e q u i r e d m u c h pr ior o r g a n i z a 
t i on . C o n s t r u c t i o n s t a r t e d o n l y in 1975 a n d t h e f irst m e a s u r e m e n t s 
w i th M E A e l e c t r o n s w e r e m a d e in 1981 . In 1983 M E A c o u l d de l i ve r 
up to 4 0 m i c r o a m p s at a d u t y f ac to r o f l % . T h i s w a s lower t h a n t h e 
10% or ig ina l ly a i m e d for, bu t m u c h h i ghe r t h a n t h e 0 . 0 2 % of E V A . 

P r e c i s i o n m e a s u r e m e n t s 
A g a i n t h e e m p h a s i s w a s o n p r e c i s i o n m e a s u r e m e n t s , i n c l u d i n g 
e x p e r i m e n t s in w h i c h a p r o t o n w a s k n o c k e d ou t o f t h e n u c l e u s by 
t he e l e c t r o n . By ca re fu l l y m e a s u r i n g t h e m o m e n t a of t h e e m e r g i n g 
p r o t o n a n d o f t h e i n c o m i n g a n d s c a t t e r e d e l e c t r o n , t h e ini t ial 
m o m e n t u m of t h e p ro ton in t h e n u c l e u s c a n be r e c o n s t r u c t e d . For 
th is , t w o s p e c t r o m e t e r s w e r e bui l t w i t h p r e c i s e l y k n o w n m a g n e t i c 
f ie lds a n d a m o m e n t u m reso lu t i on of 10" 4 . E a c h c o v e r e d a l imi ted 
a n g u l a r r ange bu t t h e y c o u l d be m o v e d w i th r e s p e c t to t he ta rge t 
a n d p rec i se l y p o s i t i o n e d o v e r a w i d e range of a n g l e s . T h e o b t a i n e d 
reso lu t i on o n t h e m i s s i n g m a s s - t h e e n e r g y o f t h e p ro ton in t h e 
n u c l e u s - w a s 100 keV. A n in t r igu ing resu l t o f m e a s u r e m e n t s o n a 
va r ie t y o f nuc le i w a s t ha t a b o u t 3 5 % o f t h e p r o t o n s in t h e nuc le i 
w e r e m i s s i n g ! A n e x p l a n a t i o n w a s t ha t t h e " m i s s i n g p r o t o n s " w e r e 
m o v i n g m u c h fas te r in t h e n u c l e u s t h a n e x p e c t e d , a n d fas te r t h a n 
c o u l d b e d e t e c t e d in t h e M E A m e a s u r e m e n t s . S u c h h igh p r o t o n 
m o m e n t a c o u l d be d u e to s t r o n g repu ls i ve f o r c e s b e t w e e n n u c l e o n s 
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P cattering in Amsterdam 

The QDD- (left) and QDQ-spectrometers, with their precisely 
known magnetic fields and high momentum resolution, carried 
out precision studies of nuclear proton knockout by electrons. 

that were c lose together. 
To so lve the puzzle of the h i g h - m o m e n t a pro tons , a new gener

at ion of more precise exper iments w a s needed .Th i s w a s one reason 
to ex tend the acce le ra to r w i th a pu lse s t re tcher and s to rage ring 
( A m P S ) , wh i ch w a s du ly c o m p l e t e d in 1992. E lec t rons revo lve 
around this 212-metre-c i rcumference ring in 0.7 mic roseconds . MEA 
pulses of between 0.7 and 2.1 mic roseconds are therefore stretched 
to a con t inuous e lect ron s t ream w h i c h , in s t re tcher m o d e , is then 
s lowly ex t rac ted .The con t inuous low- intensi ty e lect ron b e a m al lows 
detectors to work more eff iciently t han w h e n in tense pu lses lead to 
saturat ion. It a lso al lows for a m u c h better background suppress ion . 

In 1997 first resul ts were ob ta ined on m e a s u r e m e n t s of s imu l 
t a n e o u s two-pro ton knockout in he l ium-3 and oxygen-16 ( D e c e m 
ber 1997 p l 6 ) . T h e p ro tons w e r e de tec ted in t w o " H A D R O N " 
de tec tors , built by N I K H E F a n d the Free Univers i ty in A m s t e r d a m . 
T h e scat tered e lect ron w a s de tec ted , as before , in one of the spec 
t r ome te rs . T h e m e a s u r e d p ro ton a n d e lec t ron m o m e n t a a l lowed 
reconst ruct ion of the m o m e n t u m of the proton pair and of the exc i 
ta t ion ene rgy of the resul t ing nuc leus . Th i s led to a bet ter insight 
into nuc l eon cor re la t ions , espec ia l l y at sho r t d i s t ances , a n d an 
imp roved descr ip t ion of t he d y n a m i c s of n u c l e o n s ins ide the 
nuc leus . W i th the N I K H E F expe r imen ta l p r o g r a m m e t e r m i n a t e d , 
further measu remen ts on hel ium-3 and oxygen-16 will be per formed 
at the MAMI e lectron acce lera tor in Mainz. 

Wi th A m P S used in storage m o d e , polar ized electron bunches f rom 
MEA - a current of 4 mil l iamps and a length of 0.7 microseconds - are 

The Amsterdam Pulse Stretcher - fed by the 200 m MEA linac. 

Longitudinally polarized electrons were produced using a 
"Siberian Snake" superconducting solenoid, supplied by 
Novosibirsk. 

injected and s tacked in the ring ( J a n u a r y 1997 p5) . Stable operat ion 
with 150 mi l l iamps of circulat ing current and a lifetime up to 45 m in 
utes is possib le whi le the energy can be ramped up to 900 M e V . T h e 
spin-polar ized e lectrons are p roduced v ia photoemiss ion f rom a ga l 
lium arsenide source built at the Budker Institute in Novosibirsk, which 
has been c lose ly co -opera t ing wi th N I K H E F s ince 1986. W h e n 
injected into A m P S , the electron spins - w h i c h are longitudinally polar
ized - p recess a round the vert ical f ie lds of the ring's dipole magne ts . 
To ach ieve the str ict ly longi tud inal po lar izat ion at the target, as 
required by the exper iments , a so-ca l led "Siber ian S n a k e " w a s used . 
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CRYOGENICS 

Manufacturing Line 
- Cryogenic Valves 

(Shut-off and Control Valves, 
Vacuum Jacketed and also for 
Cold Box Mounting) 

- Special Valves for any Cryogenic 
Applications (Check-Valves, Pilot 
Cryogenic Valves, Relief Valves etc. 

- Bellows Sealed Valves 
(up to PN420) 

- Cryogenic Transferlines and 
Couplings (Johnston and 
Multi-Coaxial Couplings) 

- Space Cryogenic Components 
- Custom made Cryogenic 

Components e.g. 
Cryostats and Ejectors 

Cryogenic Control Valve > 
pneumatical operated, with 
intelligent electro-pneumatic i 
positioner, travel feedback and 
limit switches, with vacuum weld-in 
flange for cold box mounting 

WEKA AG . Schurlistr. 8 • CH-8344 Baretswil • Switzerland 
Telefon 01 939 29 59 • Telefax 01 939 29 63 
Fur USA und Kanada: PROVAC LTD, POB 18411, Greensboro, North Carolina 27419 
Phone (910) 282 6618, Fax (910) 288 3375 
Fur Japan: NIPPON SANSO CORPORATION 
PLANT & MACHINERY DIV., SPACE & CRYOGENIC EQUIPMENT DEPT. 
6-2 Kojima-cho, Kawasaki-ku, Kawasaki-City, Kanagawa-Pref. 210, Japan 
Phone 044 (288) 4063, Fax 044 (299) 4109 

Low And High Voltage 
Power Supplies 

Your p a r t n e r for a p p l i c a t i o n o r i e n t e d /o l 

Mufti high voltage source for a customer specific tester. 
8 independent adjustable voltages with high stability. 

One example of possibilities for DC power supplies 
made according to customer specifications. 

Ask us, we will develope and deliver 
also your specific power supply. 

F . i / . 
Florianstr. 2; D-83024 Rosenheim - GERMANY 
Tel.: +49(0)8031 2851-0; Fax: +49(0)8031 81099 

eMail: fug-elektronik@t-online.de 
Internet: http://www. fug-elektronik.de 

B e a m 
Posi t ion 
M o n i t o r 

IS I T W O R L D R E C O R D ? 
ALS reports 300 nm peak-peak 
noise in X and Y over 0...30 Hz BW 

Buttons are scanned sequentially 
Up to 20 kHz button scanning / 
Analog output +10V for X and Y 
Handles >90 dB beam intensity range 

For performance details, ask Super-ACO, ALS, TLS, 
LNLS, HERA, SPring-8, APS, SRS, FELL, DELTA, 
DAFNE, HELIOS, CAMD, DESY-III, PAL, NSRL 
They know. They use it everyday. 

Instrumentation 

< r ^ ^ w . b e r a o z . c o m ^ ) 

Espace Allondon Ouest 
156 rue du Mont-Rond 

01630 Saint Genis-Pouilly, France 
info@bergoz.com 
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Amsterdam Pulse Stretcher 
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Variation in longitudinal polarization for 442 MeV electrons with 
spin angle. The data were obtained from Compton back-
scattering with a laser and reveal a maximum longitudinal 
polarization at the target of 61 + 3%, only slightly less than the 
longitudinal polarization at the electron source (69.8 ± 1.3%) 
measured with Mott scattering. This was the first time (1996) 
that polarized electrons were injected and their longitudinal 
polarization was preserved in a storage ring for substantial 
periods of time. 

T h i s s u p e r c o n d u c t i n g s o l e n o i d w a s a l so bui l t in Novos ib i r sk . 
F r o m 1997 t h e A m P S p h y s i c s p r o g r a m m e f o c u s e d o n t h e 

sca t te r ing of po la r ized e lec t rons f r o m po la r i zed n u c l e i . T h e ul t ra- th in 
ta rge ts r e s e m b l e tha t of t he H E R M E S e x p e r i m e n t at D E S Y . T h e y c o n 
s is t o f a T - s h a p e d s to rage ce l l , p l a c e d ins ide the b e a m p ipe , t h r o u g h 
w h i c h a raref ied gas - h y d r o g e n , d e u t e r i u m or hel ium-3 - is p u m p e d . 
T h e a t o m s w e r e po la r i zed b e f o r e h a n d a n d t he a v e r a g e po la r i za t ion 
in t h e g a s w a s up to 9 0 % . S u c h th in t a rge t s o f fer s e v e r a l a d v a n 
t a g e s , n o t a b l y no b a c k g r o u n d f r o m s c a t t e r i n g in t h e ta rge t wa l l s . 
Polar izat ion is a lso re lat ively h igh a n d c a n be reve rsed rapidly, w h i c h 
is essen t ia l fo r reduc ing s y s t e m a t i c uncer ta in t ies . Final ly, l o w - e n e r g y 
reco i l ing par t i c les c a n e s c a p e a n d be d e t e c t e d . 

O n e o f t h e goa ls w a s to s t u d y t h e c h a r g e - f o r m fac to r o f t h e neu t 
r o n . Its a n o m a l o u s m a g n e t i c m o m e n t imp l ies t ha t t h e n e u t r o n h a s 
a cha rge d is t r ibut ion. In 1947 Enr i co F e r m i a n d Is idor Rab i o b t a i n e d 
fu r the r e v i d e n c e for th is c h a r g e d is t r ibu t ion f r o m a n e x p e r i m e n t in 
w h i c h a tom ic e lec t rons w e r e b o m b a r d e d w i th t h e r m a l n e u t r o n s f r o m 
a n u c l e a r reactor . T h e n e u t r o n a p p e a r e d to h a v e a s l ight ly pos i t i ve 
c o r e s u r r o u n d e d by a reg ion o f nega t i ve c h a r g e . S i n c e s t a b l e tar
ge ts o f f ree n e u t r o n s d o no t ex is t , s u b s e q u e n t e x p e r i m e n t s r eso r t ed 
t o u n p o l a r i z e d d e u t e r i u m . H o w e v e r , t h e e lec t ron sca t t e r i ng is t h e n 
large ly d o m i n a t e d by sca t te r i ng f r o m t h e p ro ton c h a r g e a n d m o r e 
o v e r is sens i t i ve to unce r ta i n t i es in t h e n u c l e a r s t r uc tu re . S ta te -o f -
t h e - a r t e x p e r i m e n t s w i t h d e u t e r i u m a t S L A C a n d S a c l a y t h e r e f o r e 
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The neutron charge-form factor measured at AmPS compared 
with other measurements. 

resu l ted in d a t a w i th s y s t e m a t i c unce r t a i n t i es o f a b o u t 5%. 
A n e w se r i es o f m e a s u r e m e n t s o f t h e c h a r g e - f o r m fac to r o f t h e 

neu t ron sca t t e r po la r i zed e l e c t r o n s f r o m n e u t r o n s in po la r i zed d e u 
t e r i u m or he l ium -3 n u c l e i . D u e t o i n t e r f e r e n c e e f fec ts t h e s m a l l 
c h a r g e - f o r m f a c t o r is a m p l i f i e d by t h e d o m i n a n t m a g n e t i c - f o r m 
factor . W h e n m e a s u r i n g t h e e f fec t fo r o p p o s i t e sp in d i rec t i ons , a n 
a s y m m e t r y is f o u n d f r o m w h i c h t h e f o r m fac to r c a n be d e d u c e d . 
T h e r e is a w o r l d w i d e ef for t t o m e a s u r e t h e c h a r g e - f o r m fac to r f r o m 
th is a s y m m e t r y , w i th e x p e r i m e n t s us i ng ex te rna l b e a m s be ing car 
r ied ou t at M A M I in Ma inz , at t h e J e f f e r s o n L a b o r a t o r y ( p r e v i o u s l y 
C E B A F ) in N e w p o r t N e w s , a n d a t M I T - B a t e s . A t N IKHEF, m e a s u r e 
m e n t s o n hel ium -3 a n d d e u t e r i u m h a v e b e e n c o m p l e t e d , a n d p r e 
l i m i n a r y d a t a f o r d e u t e r i u m revea l t h e p r e c i s i o n t h a t c a n b e 
a c h i e v e d us ing in terna l t a rge ts . 

O t h e r s c a t t e r i n g e x p e r i m e n t s u s e p o l a r i z e d h y d r o g e n a n d d e u 
t e r i u m . In t h e lat ter t h e e lec t r i c m o n o p o l e - a n d q u a d r u p o l e - f o r m 
fac to rs o f t h e d e u t e r o n w e r e s e p a r a t e d . T h e s p i n s t r uc tu re o f t h e 
d e u t e r o n w a s s t u d i e d v i a po la r i zed e l e c t r o n - i n d u c e d p ro ton k n o c k 
ou t f r o m po la r i zed d e u t e r i u m . T h e s e a n d o t h e r d a t a t o g e t h e r f o r m a 
r ich h a r v e s t o f e l e c t r o m a g n e t i c s p i n o b s e r v a b l e s fo r t h e n u c l e o n 
a n d f e w - b o d y s y s t e m s . S p i n - d e p e n d e n t e l e c t r o n u c l e a r in terna l tar 
get p h y s i c s wi l l n o w c o n t i n u e in t h e U S w i t h t h e recen t l y a p p r o v e d 
B L A S T - p r o g r a m m e a t M I T - B a t e s . 

T h e cur ta in h a s n o w fa l len fo r A m P S , o n w h i c h 4 0 Du tch phys ic is ts 
a n d 6 0 phys ic i s ts f r o m 2 5 fo re ign ins t i tu tes c o l l a b o r a t e d . It is no t 
all over , h o w e v e r , b e c a u s e t h e M E A - A m P S ins ta l l a t i on wi l l b e 
s h i p p e d to t h e J o i n t Inst i tu te fo r N u c l e a r R e s e a r c h in D u b n a fo r a 
n e w life a s a s y n c h r o t r o n . 

M a r g r i e t v a n d e r H e i j d e n and J o v a n d e n B r a n d , NIKHEF, 
Amsterdam. 
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Harvard Cyclotron Laboratory 

Synchrocyclotron survivor 

Fig. 1: Harvard Cyclotron Laboratory Deputy Director Lee Davenport (left) and Norman Ramsey, Chairman/Director of the Physics 
Department's Cyclotron Committee, with the machine just before its dedication on 15 June 1949. 

After 15 years in physics, Harvard 
University's 160 MeV machine was 
converted into a cancer therapy centre. 
Having treated over 7500 patients in the 
ensuing 34 years, it is being phased out 
after two distinguished careers. 

3 J u n e 1999 will mark 50 years s ince the first b e a m w a s acce lera ted 
at the Harvard Cyc lo t ron Labora to ry ( H C L ) . Original ly built for phys ics 
r e s e a r c h , t he lab sw i t ched d i rec t ion a n d w e n t on to p lay a d o m i 
nan t role in the d e v e l o p m e n t a n d app l i ca t ion of cha rged -pa r t i c l e 
rad iat ion therapy. 

T h e first Ha rva rd cyc lo t ron , built in 1937, w a s taken to Los A l a m o s 
for t he Manha t t an Project in 1943 a n d never re tu rned . P lann ing for 
t h e p r e s e n t lab b e g a n in 1946 w i th t h e i n v o l v e m e n t o f K e n n e t h 
Ba inbr idge, Rober t R W i l s o n , J C u r r y S t ree t a n d Edward M Purcel l as 
wel l as R W H i c k m a n , then Director of t he Phys ics Labo ra to ry .The US 
Off ice of Naval Resea rch ( O N R ) f u n d e d the m a c h i n e whi le H a r v a r d 
pa id for t he bui ld ing. F igure 1 s h o w s H C L D e p u t y Di rector Lee Dav 
e n p o r t a n d N o r m a n R a m s e y , C h a i r m a n / D i r e c t o r of t h e Phys i cs 

D e p a r t m e n t ' s Cyc lo t ron C o m m i t t e e , w i th t he m a c h i n e jus t be fo re 
its ded ica t ion on 15 J u n e 1949. H a r r y T r u m a n w a s star t ing his s e c 
ond t e r m as U S Pres ident , te lev is ion a n d FM radio were ga in ing in 
popular i ty a n d c o m m e r c i a l t rans is to rs w e r e still a few years away. 

In the s y n c h r o c y c l o t r o n b o o m of t he 1940s a n d 50s , the H a r v a r d 
m a c h i n e w a s for a t ime t h e th i rd la rgest in t he U S A . T h e 1 4 f o o t 
d iameter magne t coi ls were sh ipped e d g e w a y s f rom Genera l Electr ic 
in w e s t e r n M a s s a c h u s e t t s us ing o n e of t he t w o d e e p e s t f lat -wel l 
rai l road cars in the c o u n t r y . T h e lowest br idge on th is route d ic ta ted 
the s ize of t he c y c l o t r o n ! 

Initially t he pro ton e n e r g y w a s 95 MeV, wi th on ly w e a k ( sca t te red ) 
ex te rna l p ro ton a n d n e u t r o n b e a m s . M a n y e x p e r i m e n t s u s e d t he 
internal b e a m . T h e phys ics p r o g r a m m e w a s a mix of p r o t o n - n u c l e u s 
a n d n u c l e o n - n u c l e o n e x p e r i m e n t s at w h a t w e n o w cal l m e d i u m 
ene rgy : m u c h greater t han nuc lea r b ind ing , but be low part ic le p ro 
duc t i on . Counte r , e m u l s i o n a n d ac t iva t ion t e c h n i q u e s we re u s e d . 
E x p e r i m e n t e r s i nc l uded N o r m a n R a m s e y , Ra lph W a n i e k , Wa l te r 
Se love , J i m M e a d o w s a n d Karl S t r a u c h . 

T h r o u g h o u t t he phys ics per iod the re w a s a hos t of g radua te s t u 
den ts , m a n y later ach i ev i ng recogn i t ion in h igh e n e r g y a n d o the r 
f ields of phys ics . Eventua l ly H C L p r o d u c e d s o m e 30 P h D theses a n d 
coun t less ar t ic les. Wi l l i am M Pres ton w a s n a m e d Director in 1953. 
In the s a m e year A n d r e a s M Koeh le r a r r i ved , and eventua l ly b e c a m e 
de facto Techn ica l D i rector a n d ch ie f t roub leshoo te r . 
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to bow out after 50 years 

Fig. 2: An early "Room 2" patient showing the rudimentary 
immobilization (which worked very well), the brass beam 
aperture and lucite range compensator. 

A y o u n g Brit ish physic ist , R ichard W i l s o n , arr ived in 1955 to app ly 
the new " regenera t i ve ex t rac t ion" . H C L e m e r g e d f rom tha t o n e - y e a r 
upgrade - the only substant ia l s h u t d o w n in 50 years - wi th 160 M e V 
p ro tons a n d ex terna l po lar ized a n d unpo la r i zed pro ton b e a m s of 
respec tab le intensity. 

T h e physics p rogramme grew steadily, peak ing a round 1958 with 38 
pe rsonne l .The annua l report for that year descr ibes a new ion sou rce 
(Koeh le r ) , quasi -e last ic p ro ton -p ro ton col l is ions and inelast ic proton 
c ross -sec t i ons (S t rauch etal.), va r i ous po lar ized pro ton scat te r ing 
exper imen ts ( C o r m a c k , Palmier i , R a m s e y and Wi l son etal.), proton 
tr iple scat ter ing (Wi l son etal.) and p ro ton -deu te ron scat ter ing (W i l 
son etal.). Eventual ly a quas i -monoenerge t i c neut ron b e a m w a s built 
( M e a s d a y ) . T h e last major physics upgrade w a s a stochast ic extract ion 
s y s t e m to improve the b e a m duty factor, leading to the first o b s e r v a 
t ion of p r o t o n - p r o t o n b r e m s s t r a h l u n g in 1965 (Go t t scha l k etal.). 

B i o l o g i c a l u s e s 
In 1960 under a new head ing "Biological uses of proton b e a m s " , the 
A n n u a l R e p o r t s a i d : " D u r i n g the pas t yea r w e have a t t e m p t e d to 
deve lop the proton b e a m as a tool for produc ing accurate ly local ized 
les ions in bra in t issue. . . " ( P r e s t o n , Koehler , S w e e t a n d K je l lberg) . 
Wi l l iam H S w e e t w a s Chie f of N e u r o s u r g e r y at the M a s s a c h u s e t t s 
G e n e r a l Hosp i ta l ( M G H ) w h e r e R a y m o n d Kje l lberg w a s a y o u n g 
neu rosu rgeon . A s ear ly as 1946 Rober t R Wi l son had desc r ibed how 
pro ton b e a m s cou ld be used to advan tage in med ic ine . A med ica l 
p r o g r a m m e w a s p roposed for H C L , bui ld ing on the work of Tob ias 
a n d Lawrence at Berke ley a n d La rsson a n d Leksel at U p p s a l a . T h e 
first s tep w a s a ser ies of an ima l expe r imen ts to de te rm ine the to l 
e r a n c e of no rma l bra in J i s s u e a n d the geomet r i c a c c u r a c y of the 
isocentr ic techn ique , wh ich used a water- f i l led compensa to r . A r o u n d 
th is t ime the expe r imen ta l a rea o c c a s i o n a l l y s m e l l e d like a z o o ! 

T h e first H C L pat ient w a s t reated by Kjel lberg for a mal ignant brain 
t u m o u r in 1961, and a pat ient wi th a pi tu i tary g land d isorder fo l -

Fig. 3: Harvard Cyclotron Laboratory floor plan showing three 
treatment beamlines (A, B, C), a test (physics) beam (D), and 
two treatment rooms. 

lowed s o o n after. T h e first a r te r i o -venous ma l fo rmat ion ( A V M ) w a s 
i r radiated in 1 9 6 5 . T h e s e intracrania l targets on ly n e e d e d relat ively 
smal l b e a m s , ob ta ined by s ing le scat ter ing . A high target d o s e a n d 
a low en t rance dose were ob ta ined by comb in ing the 3.5-fold Bragg 
peak e n h a n c e m e n t wi th a large n u m b e r of en t rance por ta ls ( u p to 
12). A i ded by a B iomed ica l A n n e x f u n d e d by the Nat ional A e r o n a u 
t ics a n d S p a c e Adm in i s t r a t i on ( N A S A ) , t he med i ca l p r o g r a m m e 
e x p a n d e d until 275 pat ients had b e e n t rea ted by 1967. 

Tha t year O N R c e a s e d its suppo r t of cyc lo t ron opera t ions . Instead 
of physica l ly remov ing the cyc lo t ron acco rd ing to its cont rac t wi th 
H a r v a r d , O N R c o m p e n s a t e d t he un ive rs i t y for e x p e c t e d remova l 
cos ts . Ha rva rd d e c i d e d , after rev iewing the phys ics p r o g r a m m e , to 
c lose the lab un less a l ternat ive fund ing cou ld be f o u n d . A n Excess 
Property Bulletin i ssued by the Gene ra l S e r v i c e s Admin is t ra t ion in 
1968 desc r ibes a synch rocyc lo t r on wi th anc i l la ry e q u i p m e n t avai l 
ab le for the cos t of r emova l . T h a t yea r H C L pe rsonne l hit b o t t o m . 
Koeh ler w a s the so le e m p l o y e e , half t ime . 

At th is crit ical m o m e n t it w a s ag reed tha t H C L cou ld con t inue on 
a l imited s c h e d u l e a n d concen t ra te on b iomed ica l app l ica t ions on 
a fee - fo r -se rv i ce bas is . F rom 1967-75 the m a c h i n e ran less t han 
1000 hours per year. Kjel lberg con t inued to t reat pat ients, and by his 
dea th in 1993 he had t rea ted near l y 3 0 0 0 . S o m e s p a c e - r e l a t e d 
research w a s d o n e , and N A S A and the Nat ional Sc ience Foundat ion 
suppo r ted d e v e l o p m e n t of ex tended b e a m s ( lateral ly and in dep th ) 
to treat larger les ions. H C L par ted c o m p a n y wi th the Phys ics Depar t 
men t and b e c a m e a sepa ra te ent i ty wi th in the Facul ty of Ar ts a n d 
Sc iences . It is gu ided by a Cyc lo t ron Opera t i ons Commi t t ee cha i red 
by S J Ade ls te in of the Ha rva rd Med ica l S c h o o l . R ichard W i l s o n , still 
an enthus ias t ic suppor te r , is a m e m b e r . 

By 1974 the staf f had g rown to s ix a n d a s e c o n d cl in ical p ro 
g r a m m e began , to t reat larger t u m o u r s wi th f ract ionated the rapy .The 
original co l laborators f rom the D e p a r t m e n t of Radiat ion O n c o l o g y at 
M G H were H e r m a n D Suit and Michael Goi te in , one of many radiat ion 
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Everything changes: Aventis HTS products 

You have known us as Hoechst 
Corporate Research & Technology. 
As a result of the changes in the 
Hoechst group, we have a new 
name and new appearance: our 
new, own identity: Aventis 

H T S current leads based 
on M C P B S C C O rods and tubes 
from Aventis are the first applica
tion of ceramic superconductors 
in electrical power engineering 
with currents up to 10.000 A. 

1 
A reduction of the heat load 
to the 4K level by more than a 
factor of 10 was achieved. This 
results in a significant reduction 
of the refrigeration costs and 
allows new innovative cooling 
concepts. 

Parts of up to 400 mm in 
length or diameter can also be 
used in applications in the field 
of magnetic shielding, current 
limiters or others. 

If you are interested in further 
information, please contact: 

Aventis Research & Technologies 
GmbH & Co KG 
Dr. Joachim Bock 
High Temperature Superconductors 
Chemiepark Knapsack 
D-50351 Huerth Germany 
Tel: (+49) 2233 486658 
Fax: (4-49) 2233 486847 
Email: bock@msmiuk.hoechst.com 

Aventis 
Research & Techno log ies 

A member of the 
Hoechst Group 

The 1999 
Particle 

Accelerator 
Conference 

— 1 8 t h i n t h i s s e r i e s — 

w i l l b e h e l d a t t h e 

N e w Y o r k M a r r i o t t M a r q u i s 

i n N e w Y o r k C i t y . 

Organized by 

Brookhaven National Labon 

The conference will cover new developments in all aspects of the science, 
technology, and use of accelerators. All individuals with an interest in 
particle accelerators are invited to attend. The program will include 
over 1500 invited, oral and poster contributed papers. For the complete 
list of the invited speakers, visit the PAC '99 website. 

Conference Hotel: New York Marriot Marquis 
Reservations must be made directly with hotel. Please call 
(212) 398-1900 or 1 -800-228-9290 or visit their website at 
h tt p: //www. marriott.com/marriot/NYCMQ 
Website: If you have not done so already, please visit the official 
meeting website at http://pac99.bnl.gov and sign up to receive 
additional information about this conference using the form 
under the link "Information SignUp Form". 
Contact Information: Mary Campbell, PAC '99 Secretary 

AGS Department 
Brookhaven National Laboratory 
Upton, New York 11973-5000 
Telephone: (516) 344-4776 
Fax: (516) 344-5954 
e-mail: maryc@bnl.gov 
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Harvard Cyclotron Laboratory 

Fig. 4: Some of the technology developed at the Harvard 
Cyclotron Laboratory: a propeller-type range modulator 
surrounded (clockwise from top) by an automilled aperture with 
matching automilled range compensator; an energy-
compensated contoured second scatterer; a scattering-
compensated compact "upstream" modulator; an eye-treatment 
aperture; and a water telescope for intracranial radiosurgery. 

physicists with h igh-energy t ra in ing .They cont inue their activity to this 
day, wi th sco res of co l leagues over the y e a r s . T u m o u r s t reated in this 
p rog ramme are usual ly la rger than in the " rad iosurgery " p rog ram, but 
above all they receive mult iple f ract ions depend ing on the d iagnos is . 

T h e paral lel d e v e l o p m e n t of c o m p u t e r t o m o g r a p h y ( for wh i ch an 
H C L a l u m n u s , the late A lan C o r m a c k , rece ived a Nobe l p r ize) , and 
later m a g n e t i c r e s o n a n c e imag ing , p rov ided a c c u r a t e da ta on 
t u m o u r v o l u m e and ad jacen t crit ical s t ruc tu res to c o m p l e m e n t the 
exce l len t dose local izat ion poss ib le wi th p ro tons . Inc reased c o m 
puter power m a d e 3 -D p lann ing pract ica l . G o o d pat ient i m m o b i 
l izat ion t e c h n i q u e s had to be d e v e l o p e d , a n d rema in a di f f icul t 
p rob lem today. Figure 2 s h o w s a t r ea tmen t se tup for pr imit ive but 
ef fect ive immob i l i za t ion .Today 's is s o m e w h a t more e legant . 

In the ear ly 70s Koeh le r a n d Ian Cons tab le had d e v e l o p e d t e c h 
n iques for t reat ing eye t u m o u r s . T h e or iginal ob ject ive w a s to t reat 
re t i nob las toma, a rare but se r ious p rob lem in v e r y y o u n g infants. 
Th is is now treated at HCL - spar ing normal t issue is more important , 
espec ia l l y for younger pat ients - but at the t ime it w a s cons ide red 
too diff icult a n d r isky to t reat bab ies . I ns tead , the new t e c h n i q u e 
w a s used for choro ida l m e l a n o m a s a n d o ther eye t u m o u r s . 

Unde r Evange los G r a g o u d a s of the M a s s a c h u s e t t s Eye and Ear 
In f i rmary ( M E E I ) this s o o n b e c a m e the mos t c o m m o n a n d unequ iv 
ocal ly success fu l s ingle p rocedu re at H C L and has been emu la ted 
a round the wor ld . H C L current ly t reats abou t f ive eye pat ients a day, 
e a c h pat ient rece iv ing f ive f rac t ions on s u c c e s s i v e days . Recen t l y 
H C L has a lso begun to t reat cer ta in f o r m s of macu la r degenera t i on 
in a trial p r o g r a m m e . 

In 1977 the h igh-vo l tage e q u i p m e n t room w a s conve r ted to HCL's 
s e c o n d t rea tmen t r o o m . No longer did the heavy, carefu l ly a l igned 
co l l imat ing s y s t e m s for the two s e p a r a t e p r o g r a m m e s have to be 
s w a p p e d , and the w a y w a s o p e n to t reat relat ively large n u m b e r s of 
pa t ien ts . In the 1980s v a c u u m t u b e s in the cont ro l s y s t e m w e r e 
f inal ly rep laced by m o d e r n circui try. A digi tal ly con t ro l led pat ient 
pos i t ioner w a s built for R o o m 2 . In 1987 an add i t iona l beam l i ne 

exc lus ive ly for eye t rea tmen ts w a s c o m p l e t e d , as well as fast b e a m -
line sw i t ch ing . F igure 3 s h o w s t he p r e s e n t f l oo rp lan w i th its t w o 
t rea tment r ooms a n d th ree med ica l beaml ines . 

HCL's mos t recent co l labora t ion wi th the D e p a r t m e n t of N e u r o 
surgery at M G H rep laces Kjel lberg's p rog ram. A dev ice d u b b e d S T A R 
(StereoTax ic A l i gnmen t for R a d i o s u r g e r y ) a l lows the pat ient to be 
rotated abou t hor izontal a n d ver t ica l axes so that any target in t he 
head can be i r radiated t h rough m a n y p o r t a l s . T h e chief phys ic ians 
are Paul C h a p m a n and Jay Loeff ler of M G H . 

In 1972 Bill P res ton s t e p p e d d o w n a n d w a s rep laced by A n d y 
Koehler as Act ing Director, a title he held for 21 years until he tu rned 
over admin i s t ra t i ve du t ies to Mi les W a g n e r , t he cu r ren t Director . 

Today H C L still s e r v e s as a radiat ion the rapy clinic in c lose co l 
labora t ion w i th t e a m s f r o m M G H a n d M E E I , de l i ver ing a b o u t 25 
t rea tmen ts ( f rac t ions) per day, f ive days a week . 460 pat ients we re 
t reated in 1997. T h r e e beam l i nes s e r v e th ree pat ient s t r eams . T h e 
pat ient tal ly to 3 0 S e p t e m b e r 1998 w a s : rad iosurgery 2 9 2 9 (Kje l l 
berg) plus 418 ( S T A R ) , eye 2 5 6 8 and large-field f ract ionated therapy 
1896, for a g rand total of 7811. 

D i v e r s e w o r k 
In addi t ion to the cl inical p rog ram, s o m e 10% of HCL effort goes into 
d iverse exper imen ts inc luding s p a c e - p r o b e cal ibrat ions and rad ia
t ion d a m a g e a n d s ing le -even t upse t s tud ies of s e m i c o n d u c t o r 
dev ices .An in-house research p rog ramme run by Jane t S is terson, with 
many col laborators f rom other labs, makes measu remen ts to interpret 
extraterrestr ia l da ta f r om the s p a c e p r o g r a m m e . All th is app l i ed 
physics work takes p lace in the even ings and at w e e k e n d s . T h e s ingle 
most impor tant factor in the s u c c e s s of the clinical program has been 
the cons tan t availabil i ty of the mach ine , wi th less than 2 % down t ime . 

T h o u g h the H C L / M G H col laborat ion w a s not the first to use proton 
therapy, it has by far the largest a n d longest expe r ience , inc lud ing 
long- te rm fo l l owup in the med ica l l i terature for severa l t r ea tmen t 
s i tes. Many t e c h n i q u e s n o w w ide l y u s e d w e r e p i o n e e r e d at H C L , 
inc luding lucite range modu la to rs a n d c o m p a c t " u p s t r e a m " m o d u 
lators to sp read the b e a m in d e p t h ; va r ious doub le scat ter ing t e c h 
n iques to sp read it lateral ly; au tomi l led pat ient-speci f ic lucite range 
c o m p e n s a t o r s a n d brass ape r tu res ; an eff ic ient ded ica ted pro ton 
nozzle for eye t rea tmen ts ; va r ious d o s i m e t r y t echn iques ; a c o m p r e 
hens i ve s tudy of p ro ton mul t ip le sca t te r ing ; a n d f ina l ly t he 
"co rksc rew" gantry, a space-sav ing way of direct ing a proton b e a m at 
any ang le to the pat ient . F igure 4 s h o w s s o m e of t h e s e d e v i c e s . 

T h i s t e c h n o l o g y i n f l uenced the d e s i g n of t he h o s p i t a l - b a s e d 
Nor theas t Proton T h e r a p y Cen te r ( N P T C ) new ly cons t ruc ted on the 
M G H c a m p u s by Bechte l Indust r ies a n d Ion B e a m App l i ca t ions S A 
of Be lg ium. N P T C fea tu res a 2 3 5 M e V i soch ronous cyc lo t ron wi th 
ene rgy deg rade r and reanalyser , two r o o m s wi th gantr ies and o n e 
room wi th severa l f ixed hor izontal b e a m s . T h e gantr ies will s p e e d up 
t r e a t m e n t de l i ve ry a n d imp rove pa t ien t immob i l i za t i on wh i le the 
inc reased ene rgy will a l low new body s i tes to be t rea ted . By 2 0 0 0 
H C L will have p a s s e d the ba ton to th is n e w facility, end ing a lengthy 
career as a contr ibutor to m e d i u m - e n e r g y physics and as a leader in 
the appl icat ion of part ic le b e a m s to med ic ine . 

B G o t t s c h a l k , A M K o e h l e r , J M S i s t e r s o n , M S W a g n e r , Harvard. 

C E R N C o u r i e r February 1999 25 



Ultra-high-energy cosmic rays 

One of the mysterious "Centauro" events seen by the Brazil-Japan collaboration operating X-ray emulsion chambers at an altitude 
of 5200 m on Mt Chacaltaya in the Bolivian Andes. Given the number ofhadrons seen in the lower chamber (left) physicists are 
intrigued by the relative lack of corresponding electromagnetic effects in the upper chamber (right). 

The mysteries of cosmic rays 
Until the advent of high-energy accelerators 
in the 1950s, high-energy cosmic rays were 
the main source of information on 
subnuclear particles. Now they are back in 
the research spotlight and unexplained 
cosmic-ray phenomena could point to gaps 
in our understanding, as discussed at an 
international symposium. 

C o s m i c rays, t he ext rater rest r ia l par t i c les wh i ch rain d o w n on the 
Ear th , ex tend to energ ies greater t h a n t hose avai lable v ia the biggest 
labora tory m a c h i n e s . T h i s u l t ra -h igh-energy front ier is the t radi t ional 
f o c u s of the In ternat ional S y m p o s i u m on V e r y High E n e r g y C o s m i c 
Ray Interact ions, and the mos t recent event at the Italian Gran S a s s o 
labora to ry h igh l ighted the con t inua l e n i g m a of the un ive rse 's h igh 
es t part ic le ene rg ies . 

H igh-a l t i tude e m u l s i o n c h a m b e r e x p e r i m e n t s record t he t racks 
left by t h e s e par t i c les . T h e Pam i r e x p e r i m e n t , at an a l t i tude of 
4 4 0 0 met res in Centra l A s i a , c o n f i r m e d ear l ier o b s e r v a t i o n s (Apri l 
1997, page 15) of cop lanar shee ts of h a d r o n s f r o m pr imary part ic les 
w i th energ ies a b o v e 8 0 0 0 TeV. 

T h i s p h e n o m e n o n is s e e n in mul t ip le " h a l o " even ts wi th total v is 
ible e lec t romagne t i c e n e r g y a b o v e 7 0 0 T e V reco rded in X - r a y e m u l 
s i o n c h a m b e r s . ( H a l o e s a re large b lack s p o t s o n t he f i lm , up to 

seve ra l s q u a r e c e n t i m e t r e s . ) T h e e v e n t s have seve ra l s e p a r a t e 
ha loes w h o s e cen t res lie in a s t ra ight l ine e v e n after hav ing p a s s e d 
th rough the a t m o s p h e r e . A n u m b e r of p h e n o m e n o l o g i c a l m o d e l s , 
s o m e invok ing u n u s u a l h e a v y pene t ra t i ng h a d r o n s , a t t e m p t to 
exp la in th is , but the p rocess r ema ins a mys te ry . 

T h e l o n g - s t a n d i n g B r a z i l - J a p a n co l l abo ra t i on ope ra t i ng X - r a y 
e m u l s i o n c h a m b e r s at 5 2 0 0 m on Mt C h a c a l t a y a in t he Bo l iv ian 
A n d e s , desc r i bed in detai l a recen t c l ean e x a m p l e of a " C e n t a u r o " 
event . 

C e n t a u r o s we re f irst repor ted in 1980 by the B raz i l - Japan t e a m 
a n d c o n f i r m e d in 1984 by t he Pami r co l l abo ra t i on . T h e s e e v e n t s 
con ta in re la t ive ly f e w par t i c l es , bu t w h i c h are a l m o s t en t i re ly 
had rons , w i th v e r y f ew pho tons . T h e y s h o w tha t at t hese energ ies , 
h a d r o n s c a n be g e n e r a t e d w i t h o u t neu t ra l p i ons or e ta m e s o n s 
(wh ich decay into p h o t o n s ) . 

M a n a n d h o r s e 
In G reek my tho logy , a C e n t a u r w a s h ighly a s y m m e t r i c , w i th the top 
half of a m a n a n d the legs of a h o r s e . T h e latest phys ics Cen tau ro is 
total ly f ree of pho tons a n d wi th a s imi lar a p p e a r a n c e to the or iginal 
Cen tau ro I. C e n t a u r o even ts have a lways b e e n a puzz le a n d rema in 
the sub jec t of specu la t i on . 

O the r mys te r i ous p h e n o m e n a s e e n by t h e s e expe r imen ts inc lude 
a n o m a l o u s c a s c a d e s penet ra t ing v e r y large t h i c knesses of d e n s e l y 
abso rb ing mater ia l . 

It is cer ta in ly diff icult to exp la in the exot ic p h e n o m e n a s e e n by 
s u c h h igh-a l t i tude e m u l s i o n c h a m b e r e x p e r i m e n t s us ing c o n v e n 
t ional phys ics . T h i s w a s unde r l i ned at t he mee t ing by s imu la t i ons 
desc r ibed by M T a m a d a of Kink i , O s a k a . 
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The KASCADE experiment in Karlsruhe, comprising 252 detector stations for the measurement of electrons/photons and muons, a 
fine segmented hadron calorimeter (centre) and a shielded tunnel equipped with streamer tubes for the tracking of muons (hidden). 

Present ing the s tatus of today 's S tandard Mode l , Gu ido Altarell i of 
C E R N laid specia l e m p h a s i s on the r iddles posed by the observa t ion 
of u l t ra -h igh-energy cosm ic rays, above 1 0 2 0 e V ( N o v e m b e r 1998, 
page 5 ) . 

Inc reased unders tand ing s t reng thens the l inks be tween cosm ic 
ray and accelerator exper iments . An impor tant part of the con ference 
w a s devoted to this topic, with s tatus reports f rom major laborator ies. 

Of part icular interest to cosmic - ray phys ics is the sea rch for the 
q u a r k - g l u o n p l a s m a , the p recursor of nuc lear matter, in h e a v y ion 
col l is ions. T h e sub jec t w a s rev iewed by J u r g e n Schukra f t of C E R N 
with spec ia l emphas i s on the recent data f rom lead ion exper imen ts 
at C E R N (March 1998, page 13). 

Ano the r ma jor f ocus of the con fe rence w a s the ex t reme cosm ic -
ray ene rgy s p e c t r u m . T h e energ ies of p r imary part ic les ex tend f rom 
a round 10 9 eV (1 G e V ) to a b o v e 1 0 2 0 eV, the latter be ing more than 
100 000 t imes the energ ies at wh ich it has been possib le to obse rve 
the pr imar ies direct ly wi th ba l loon- or sa te l l i te -borne expe r imen ts . 
I n fo rma t ion on th is v e r y - h i g h - e n e r g y reg ion c o m e s ins tead f r om 
indirect m e t h o d s v ia the invest igat ion of ex tens ive a tmosphe r i c air 
s h o w e r s ( E A S ) us ing de tec to rs on the g round . 

S p e c t r u m f e a t u r e s 
T h e spec t rum has two main fea tures : a s teepen ing of the s lope near 
10 1 5 and 1 0 1 6 eV - the " k n e e " , and a f lat tening near 1 0 1 8 and 10 1 9 eV 
- t he "ank le " . T h e interpretat ion of E A S resul ts rel ies on the c o m 
par ison of the m e a s u r e d ef fects wi th s imu la t ions of s h o w e r deve l 
o p m e n t in the a t m o s p h e r e . T h e m o s t c ruc ia l ingred ien t is t he 
mode l l ing of hadron ic in teract ions, requir ing bold ex t rapo la t ions to 
reg ions w h e r e no acce lera tor da ta exist and theoret ica l gu ide l ines 
are on ly v a g u e . 

In recent years these E A S s imula t ions have never the less reached a 
high level of sophist icat ion and employ many of the s tandard hadronic 
in teract ion mode l s f rom acce le ra to r part ic le phys ics . T h e s ta tus of 
E A S s imula t ion w a s rev iewed by J K n a p p of Leeds w h o under l ined 
the need for a c o m m o n re ference program as a s tandard too l . 

Severa l exp lana t ions cou ld a c c o u n t for the s lope c h a n g e s in the 
e n e r g y s p e c t r u m . T h e knee cou ld be a s s o c i a t e d w i th f ea tu res of 

(1 particle per m -second) 

(1 particle per m -year) 

109 10 1 0 1 0 n 10 1 2 10 1 3 1 0 1 4 1 0 1 5 1 0 1 6 1 0 1 7 1 0 1 8 1 0 1 9 1 0 2 0 10 2 1 

energy (eV) 

The energy spectrum of cosmic rays has two main features: a 
steepening of the slope near 1015 and 1016eV - the "knee", and 
a flattening between 1018 and 1019 eV - the "ankle". 

propagat ion of galact ic cosm ic rays, a n d the ankle to a t ransi t ion 
f rom galact ic to ext ra-galact ic cosm ic rays. A rel iable de te rmina t ion 
of the cont r ibut ion of d i f ferent nuc lear spec ies to the ene rgy s p e c 
t rum is n e e d e d to unde rs tand the impl ica t ions of t hese fea tu res , 
and to d iscr iminate be tween the va r ious mode l s . 

Resul ts p resented at the con fe rence , s u c h as those f rom the K A S 
C A D E exper iment in Kar ls ruhe, con f i rmed the ex is tence and posit ion 
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of t he knee , wi th e v i d e n c e for a 
l ight c o m p o s i t i o n b e l o w it a n d 
for a c lear t rend t o w a r d s heav ie r 
compos i t i on a b o v e . S u c h behav 
iour t ies in w i th m o d e l s w h i c h 
interpret the knee as the onse t of 
t he leakage of c o s m i c rays out 
s i d e t he m a g n e t i c f ie ld of t h e 
ga laxy - fpr c o s m i c ray par t ic les 
o f t h e s a m e ene rgy , t he l ighter, 
less charged o n e s are less rigidly 
b o u n d a n d w o u l d be the first to 
leave. 

A different intriguing p h e n o m e 
non in the s tudy of E A S w a s repor ted by G B Z h d a n o v ( L e b e d e v ) w h o 
p resen ted results f rom an 18 m 2 neu t ron mon i to r at 3 3 3 0 m used in 
con junc t ion wi th an E A S array. Cons ide rab le d o s e s of neu t rons ( a n d 
of e lec t rons) have been recorded in the w a k e of E A S of abou t 1 0 1 6 eV, 
t he de lay relat ive to the E A S f ront be ing abou t 5 0 0 m i c r o s e c o n d s . 
Th i s cou ld be due to v e r y mass i ve p r imary part ic les. 

T h e s ta tus of u l t ra -h igh -energy c o s m i c rays w a s rev iewed by A M 
Hi l las ( L e e d s ) a n d V Berez insk i ( G r a n S a s s o ) . T h e e n e r g y s p e c t r u m 
of c o s m i c rays sugges ts a t rans i t ion to an ext ra-ga lact ic s o u r c e at 
ene rg ies a b o v e the ank le a n d the c o m p o s i t i o n at t he h ighes t ener 
g ies is cons is ten t wi th p ro tons . 

One of the most 
challenging issues in 
astroparticle physics 
is to understand the 
origin of cosmic rays 
with energies above 
1 0 2 0 e V when there 
are no obvious 
nearby sources. 

It is v e r y dif f icult to u n d e r s t a n d h o w par t ic les or nuc le i c a n be 
acce le ra ted to s u c h mul t i -Jou le energ ies . O n e scenar io assoc ia tes 
the h ighest e n e r g y c o s m i c rays wi th g a m m a - r a y bursts (a l so awai t 
ing a gene ra l l y -accep ted e x p l a n a t i o n ) . T h e t w o cou ld be gene ra ted 
s imu l taneous ly , but the t rans i t t imes of cha rged part ic les wou ld be 
s m e a r e d over m a n y years by intergalact ic magne t i c f ie lds. 

Ano the r scenar io avo ids the p rob lem of acce lera t ion by attr ibut ing 
the origin of t he h ighes t e n e r g y c o s m i c rays to d e c a y s of par t ic les 
wi th m a s s e s at t he g rand uni f icat ion sca le ( 1 0 1 5 - 1 0 1 6 G e V ) c rea ted 
by topo log i ca l d e f e c t s ( m o n o p o l e s , c o s m i c s t r ings a n d d o m a i n 
wa l l s ) . 

O n e of the m o s t cha l leng ing i ssues in as t ropar t ic le phys ics is to 
unde rs tand the or igin of c o s m i c rays w i th ene rg ies a b o v e 1 0 2 0 e V 
w h e n the re are no o b v i o u s nea rby s o u r c e s . In 1966 G r e i s e n , Za t -
sep in a n d Kuzmin po in ted out tha t the un iverse is not t ransparen t to 
protons above abou t 4 x l 0 1 9 e V as they wou ld interact wi th the 2.7 K 
mic rowave backg round rad ia t ion .Th is led to the a rgumen t that if the 
sou rces of cosm ic - ray par t ic les of s u c h ene rg ies are ext ra-galact ic , 
t hey mus t be relat ively near (w i th in 3 0 0 mil l ion l ight -years) other
w ise no s u c h par t ic les will be o b s e r v e d . 

W i th s u c h a long list of in t r iguing p h e n o m e n a a n d cha l l eng ing 
p rob lems , th is a rea of as t ropar t ic le phys ics will rema in an ac t ive , 
exci t ing f ield for m a n y yea rs . 

A r i s A n g e l i s , Athens. 
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Medium Energy Electron Cooling Workshop 

Cooling in Siberia. The NAP-M ring at Novosibirsk in the early 1970s, showing (centre, in one of the ring's straight sections) the 
world's first electron cooling device. The wedge-shaped lenses bend the electrons in and out of the beam. 

Exploring new trends in 
electron cooling 
The invention and development of electron cooling by Gersh Budker's team in Novosibirsk 
in the late 1960s and early 1970s set physics on a new route to discovery. Electron 
cooling has become crucial for controlling disorganized particle beams, and new electron 
cooling techniques could extend its range of applicability. 
A M e d i u m E n e r g y E lec t ron C o o l i n g w o r k s h o p ( M E E C 9 8 ) o r g a n i z e d 
recen t l y by t h e Jo i n t Ins t i tu te fo r N u c l e a r R e s e a r c h ( J I N R ) , D u b n a , 
b r o u g h t t o g e t h e r spec ia l i s t s f r o m all o v e r t h e w o r l d , i n c l ud ing m a n y 
of t h e Novos ib i r sk coo l ing p i onee rs . F r o m G e r s h Budke r ' s initial i dea , 
e l ec t r on c o o l i n g h a s u n d e r g o n e m o r e t h a n 3 0 y e a r s d e v e l o p m e n t . 
10 c o o l e r r ings a re in o p e r a t i o n a n d e l e c t r o n c o o l i n g h a s b e c o m e a 
rou t i ne t o o l . 

S i m o n v a n d e r M e e r ' s s t o c h a s t i c c o o l i n g s c h e m e h a s b e e n t h e 
t e c h n i q u e o f c h o i c e fo r con t ro l l i ng p r o t o n a n d a n t i p r o t o n b e a m s of 
e n e r g y h i g h e r t h a n a b o u t 0 .5 G e V ( e v e n t h o u g h its c o o l i n g t i m e 
i n c r e a s e s w i t h t h e i n t e n s i t y ) . H i g h e r i n t e n s i t i e s h a v e m e a n t t h a t 
e l ec t r on c o o l i n g ( l e s s d e p e n d e n t o n t h e par t i c le i n tens i t y ) h a s h a d 
to r ise to a n e w c h a l l e n g e . 

In t h e s t a n d a r d s c h e m e , a n e lec t ros ta t i ca l l y a c c e l e r a t e d ( m a x i 
m u m e n e r g y 3 0 0 k e V ) , m a g n e t i c a l l y c o n f i n e d e l ec t r on b e a m at low 
t e m p e r a t u r e is m e r g e d w i th a n ion b e a m in a s t ra igh t s e c t i o n o f t h e 

s t o r a g e r ing. T h e p r o g r e s s c o n c e r n s m a i n l y a n i n c r e a s e o f t h e m a g 
net ic f ie ld qua l i t y a n d t h e g e n e r a t i o n o f a n i n tense e lec t ron b e a m at 
e x t r e m e l y low t e m p e r a t u r e - b e a m e x p a n s i o n by a f a c t o r o f u p t o 8 
(a t S I S , G S I D a r m s t a d t ) , 2 0 ( A S T R I D , A a r h u s ) , 2 5 ( T S R , H e i d e l b e r g ) , 
100 ( C r y r i n g , S t o c k h o l m a n d T A R N I I , T o k y o ) . 

T h e f irst p r o p o s a l to u s e e lec t ron coo l i ng w i th M e V - r a n g e e lec t rons 
c a m e f r o m N o v o s i b i r s k ( K u k s a n o v , M e s h k o v , S a l i m o v etal., 1 9 8 6 ) 
w h e r e a p ro to type at 1 M e V e lec t ron e n e r g y w a s c o n s t r u c t e d . A 1 a m p 
D C e lec t ron b e a m w a s o b t a i n e d in a n e n e r g y r e c u p e r a t i o n s c h e m e . 

M E E C ' s f i r s t 
T h e f irst M E E C pro jec t , b a s e d o n a p r o p o s a l b y T El l ison at B l o o m i n g -
t o n , I n d i a n a , a i m e d to i n c r e a s e t h e l u m i n o s i t y in t h e i l l - fa ted U S 
S u p e r c o n d u c t i n g S u p e r c o l l i d e r by e l ec t r on coo l i ng 12 G e V p r o t o n s 
in t he M e d i u m E n e r g y B o o s t e r for t ha t pro jec t . P resen t l y t h e e lec t ron 
coo l ing of G e V ions is a n integral par t o f a n u m b e r of m o d e r n pro jects . 
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Electron cooling pioneers at Novosibirsk in 1974 - left to right: 
V Parkhomchuk, A Skrinsky, I Meshkov, N Dikansky. 

Older and wiser - the same pioneers in 1998: Dikansky, 
Skrinsky, Parkhomchuk, Meshkov. 

At Fermi lab , t heTeva t ron luminos i ty upg rade p r o g r a m m e inc ludes 
the electron cool ing of 9 G e V ant ipro tons in the Recyc ler ring to c o m 
p e n s a t e fo r b e a m hea t i ng du r i ng s t a c k i n g . E lec t ron c o o l i n g of 
10 -20 G e V pro tons in the P E T R A s to rage ring at D E S Y a i m s to ha lve 
the em i t t ance a n d boos t luminos i ty in the d o w n s t r e a m H E R A co l 
lider. E lec t ron coo l ing is a lso p l a n n e d to boos t luminos i ty in e lec
t r o n - i o n a n d i o n - i o n co l l i s ions at ion e n e r g i e s up to 
1 . 5 G e V / n u c l e o n for l ight i ons a n d 3.5 G e V for p r o t o n s in t h e 
M U S E S pro ject of t he J a p a n e s e R I K E N rad ioac t ive ion b e a m fac 
t o r y ( cons t ruc t i on of t he first s tage of wh i ch began in 1998) . 

E l e c t r o n - n u c l e o n c o l l i d e r 
Opera t i on of an e l e c t r o n - n u c l e o n col l ider, now in the c o n c e p t u a l 
des ign s tage by GS I D a r m s t a d t a n d Novos ib i rsk , w o u l d be imposs i 
ble w i t h o u t i n tens ive b e a m coo l i ng at ion e n e r g i e s of 
1 0 - 3 0 G e V / n u c l e o n . E lec t ron coo l i ng of p r o t o n s at e n e r g y of 
2 .5 G e V c a n be u s e d for l um inos i t y s u p p o r t of t he C O S Y r ing in 
e x p e r i m e n t s wi th an internal target . 

C o m p a r e d wi th p rev ious M e d i u m E n e r g y E lec t ron Coo l ing work 
s h o p s (Fe rm i l ab in 1995 a n d 1996 a n d Novosb i r sk in 1997) the 
e m p h a s i s th is t ime w a s m o r e specu la t i ve . In his talk "Co l l iders for 
M e d i u m E n e r g y wi th E lec t ron Coo l i ng " , p ioneer A Sk r insky po in ted 
ou t that the goal in s u c h m a c h i n e s is not a d e e p coo l ing of ions, but 
to c o m p e n s a t e for va r ious heat ing ef fects a n d to stabi l ize the ion 
b e a m pa rame te rs . 

Coo l ing is car r ied out u n d e r n e w cond i t i ons : in tens ive, b u n c h e d 
G e V ion b e a m s , coo l ing ove r a f e w t e n s of me t res , coo l ing t i m e s 
f rom severa l m inu tes to severa l h o u r s . T h e e lec t ron b e a m p a r a m e 
ters differ f rom t h o s e of conven t iona l coo l ing s y s t e m s : the e lec t ron 
tempera tu re is de te rm ined by the acce lera t ion s y s t e m and can lie in 
the range severa l e V ; o n e c a n expec t des t ruc t ion of t he f la t tened 
ve loc i ty d is t r ibut ion of the e lec t rons ; n o n m a g n e t i z e d a n d p robab ly 
b u n c h e d e lec t ron b e a m c a n be u s e d ; v e r y h igh b e a m power etc. 

N e w cond i t ions requi re n e w c o n c e p t s . O n l y in the e lec t ron b e a m 
ene rgy range be low 5 M e V is D C acce le ra t ion feas ib le in an e lec t ro
static dev ice wi th the e lect ron b e a m in a longi tudinal magnet ic f ie ld. 
S u c h a dev i ce is conce i vab le w i thou t ma jo r research and d e v e l o p 
m e n t ( V P a r k h o m c h u k - E lec t ron C o o l i n g of H a d r o n s in t he G e V 
Energy Range ) . But even in this case new cool ing sys tem des igns are 
n e e d e d to reduce the cos t of the insta l lat ion (J M a c L a c h l a n - Fer
m i lab C o n c e p t u a l D e s i g n for an E lec t ron C o o l e r for 8 G e V A n t i -
p ro tons , S N a g a i t s e v - E lec t ron B e a m T r a n s p o r t S c h e m e for t h e 
Fermi lab E lec t ron Coo l ing S y s t e m ) . 

E l e c t r o n t r a n s m i s s i o n l i n e 
T h e high power of t he e lec t ron b e a m requ i res d e v e l o p m e n t of t he 
e lect ron t ransmiss ion l ine ( A S h e m y a k i n - Pe r fo rmance of Pel letron 
B a s e d D C Rec i rcu la t ion S y s t e m ) . To r e d u c e t he ave rage e lec t ron 
b e a m power, the e lec t ron b e a m c a n c i rcu la te in an addi t iona l r ing. 
T h e c i rcu lat ion per iod is l imi ted by d i f ferent fac tors , wh i ch i nduce 
heat ing of the e lec t ron b e a m (I M e s h k o v - Pr inc ip les of M E E C wi th 
c i rculat ing E lect ron B e a m ) . In comb ina t i on wi th a longi tudinal m a g 
netic f ield and betatron acce lerat ion of the e lect rons, such a s c h e m e 
has potent ia l ly m in ima l cos t . However , for its pract ica l real izat ion 
part icle d y n a m i c s p rob lems have to be so l ved (A Smi rnov - T h e S t a 
bility of the Circulat ing Electron B e a m in the Electron Cool ing S y s t e m 
Based on Modi f ied Be ta t ron ) . 

To coo l t he b u n c h e d ion b e a m at 10 G e V a n d higher, b u n c h e d 
e lec t ron b e a m s look v e r y at t ract ive. In th is c a s e e lec t ron acce le ra 
t ion can be p e r f o r m e d wi th a re la t i ve ly - low- f requency l inac wh i ch 
c a n p rov ide e lec t ron b u n c h e s of a b o u t o n e me t re a n d s m a l l 
m o m e n t u m s p r e a d ( V P a r k h o m c h u k ) . E lec t ron b e a m qua l i t y is 
de te rm ined not on ly by the genera t ion s c h e m e , but by the ion b e a m 
paramete rs . At an o p t i m u m e lect ron t empe ra tu re , the cool ing rate is 
h igher t h a n for co ld e lec t rons (J M a c L a c h l a n - Opt im iz ing P a r a m e 
ters for M E E C ) . Fast coo l ing can a lso m a k e the in tense ion b e a m 
uns tab le . T h e co ld cent ra l par t of t he ion b e a m has cohe ren t osc i l 
lat ions a n d hea ts the par t ic les w i th large be ta t ron osc i l la t ions ( V 
P a r k h o m c h u k - L imi tat ion of ion b e a m intensi ty in e lect ron coo l ing 
s y s t e m ) . T h e M E E C results ob ta ined at Fermi lab ( the m a x i m u m recir
cu la ted e lec t ron b e a m cu r ren t is 0.6 A for 1.5 M e V e lec t rons - A 
Warner , S Nagai tsev, A S h e m y a k i n ) . N e w pro jects to test the s c h e m e 

To cool the bunched w i t h c i r c u l a t i n g ( A S j d 0 r i n ) a n d 

b u n c h e d e lec t ron b e a m (T W i n 
k ler ) w e r e d i s c u s s e d as wel l a s 
n e w resul ts f rom t radi t ional c o o l 
ing s y s t e m s ( M S teck , J S t e i n ) 
a n d the d e v e l o p m e n t of t e c h n o l 
o g y a n d e lec t ron b e a m opera t ion 
(P Lebedev , E S y r e s i n ) . 

ion beam at 10 GeV 
and higher, bunched 
electron beams look 
very attractive. 
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Quarks in 
hadrons 
and nuclei 
The idea of quarks as the ultimate 
constituents of strongly interacting particles 
has long been conventional dogma. Less 
well known, but no less important, is the 
role of quarks in nuclei. A recent meeting in 
Austria looked at this frontier between 
particle and nuclear physics. 

3 5 y e a r s a g o , in t he a u t u m n of 1963 , t h e idea of q u a r k s a s t h e e le 
m e n t a r y cons t i t uen t s o f all n u c l e a r a n d h a d r o n i c m a t t e r w a s c o n 
c e i v e d , bo th at C a l t e c h in P a s a d e n a by M u r r a y G e l l - M a n n a n d a t 
C E R N by G e o r g e Z w e i g . H o w e v e r , it t o o k a b o u t a n o t h e r 10 y e a r s 
be fo re it w a s rea l i zed tha t w i th t h e he lp of t h e q u a r k s a re lat iv is t ic 
f ie ld t h e o r y o f all s t r o n g in te rac t i on p h e n o m e n a c o u l d be f o r m u 
la ted : q u a n t u m c h r o m o d y n a m i c s ( Q C D ) . 

T o d a y Q C D is t he bas i c a n d c o m p r e h e n s i v e t h e o r y of s t r o n g inter
ac t i ons , cove r ing bo th nuc lea r a n d par t ic le phys i cs . Howeve r , so l v i ng 
Q C D at low a n d at h igh e n e r g i e s requ i res d i f fe rent a p p r o a c h e s , a n d 
a t t e m p t i n g to d e s c r i b e s t r o n g in te rac t i on p h e n o m e n a v i a Q C D in 
bo th nuc l ea r a n d in h i g h - e n e r g y p h y s i c s r e m a i n s a g rea t c h a l l e n g e . 

T h i s p r o b l e m w a s h igh l igh ted recent ly w h e n a b o u t 6 0 par t ic le a n d 
n u c l e a r phys ic i s ts w o r k i n g in h a d r o n p h y s i c s m e t fo r a s y m p o s i u m 
o n " Q u a r k s in H a d r o n s a n d N u c l e i " in t h e u n u s u a l se t t ing o f t h e Hal l 
o f A r m e d Kn igh ts o f t h e t h o u s a n d - y e a r - o l d R o t h e n f e l s cas t l e a b o v e 
t h e s m a l l t o w n of O b e r w o l z in S t y r i a , Aus t r i a . 

Topics 
Phys i cs t op i cs i nc l uded c o n s t i t u e n t q u a r k m o d e l s , s t r uc tu re f u n c 
t i o n s o f h a d r o n s , s p i n s t r u c t u r e o f t h e n u c l e o n , m e s o n - b a r y o n 
p h y s i c s , ch i ra l p e r t u r b a t i o n t h e o r y , d i f f rac t i ve p r o c e s s e s , la t t ice 
g a u g e t heo ry , q u a r k m a s s e s e tc . 

T h e m e e t i n g b e g a n w i th a g e n e r a l h is tor ica l a c c o u n t by H a r a l d 
Fr i tzsch ( M u n i c h ) o f t h e d e v e l o p m e n t o f s t r o n g in te rac t ion t heo ry . 
T h i s h i s t o r y d a t e s b a c k to a 1932 p a p e r o n t h e n e e d fo r a n e w 
s t rong fo rce ins ide t he a tom ic nuc le i by W e r n e r H e i s e n b e r g , a n d cu l -

Nuclear quarks 

Reconciling the quark/gluon picture of high-energy particle 
physics with the properties of nuclear matter is not straight
forward. The narrow bridge was crossed in September when 
particle and nuclear physicists met in the unusual setting of the 
Hall of Armed Knights of the thousand-year-old Rothenfels 
castle above the small town of Oberwolz in Styria, Austria. 

L u c h a ( V i e n n a ) . T h e de l i ca te p r o b l e m of t h e c o m p o s i t i o n of t he sp in 
o f t he n u c l e o n f r o m low to h igh e n e r g i e s w a s a d d r e s s e d f r o m t h e 
e x p e r i m e n t a l a n d t h e t h e o r e t i c a l s i d e s . W h i l e t h e c o n s t i t u e n t 
( v a l e n c e ) q u a r k m o d e l s u g g e s t s tha t ( m o s t o f ) t he sp in o f a n u c l e o n 
s h o u l d a r i se f r o m t h e q u a r k d e g r e e s o f f r e e d o m , e x p e r i m e n t s -
desc r i bed by K Rith ( E r l a n g e n ) - ind ica te tha t t he qua rk con t r ibu t ion 
to t he n u c l e o n sp in is on ly a b o u t 3 0 % . T h e o r e t i c a l a t t emp ts to s o l v e 
th is p r o b l e m w e r e r e v i e w e d by M Kar l i ne r (Tel A v i v ) . A Vog t ( L e i d e n ) 
repo r ted ins igh ts f r o m d e e p - i n e l a s t i c s t r uc tu re f unc t i ons . W h a t e v e r 
t he f inal so lu t i on to t h e n u c l e o n s p i n p r o b l e m wil l be , it is c lear t ha t 
g luon ic d e g r e e s of f r e e d o m p lays a ro le a n d tha t g l u o n s a re e i the r 
d i rect ly or ind i rec t ly con t r i bu t i ng to t h e n u c l e o n s p i n . (Th i s is cur 
rent ly b e i n g a d d r e s s e d by t h e H E R M E S e x p e r i m e n t at D E S Y ' s H E R A 
e lec t ron r ing - N o v e m b e r , p a g e 10.) 

S i n c e t h e ea r l y d a y s of Q C D phys i c i s t s h a v e p red i c ted t h e ex i s 
t e n c e of h a d r o n i c o b j e c t s - " g l u e b a l l s " - f o r m e d pr imar i l y o f g l u o n s 
ra ther t h a n q u a r k s , or " h y b r i d s " w i th bo th q u a r k s a n d g l u o n s as c o n 
s t i tuen ts . T h e s e a s p e c t s o f Q C D a n d the i r c o n n e c t i o n s w i th e las t ic 
l ike d i f f rac t i ve p r o c e s s e s w e r e c o v e r e d by F C l o s e ( C E R N ) , P 
Landsho f f ( C a m b r i d g e ) , a n d P M inkowsk i ( B e r n ) . Wh i l e the ex i s tence 
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m i n a t e s in t h e f o rmu la t i on of t he f u n d a m e n t a l s of Q C D in 1972 -73 . 
T h e p rope r t y of " c o n f i n e m e n t " s h o w s t ha t q u a r k s ex is t a s quas i - f r ee 
par t i c les w h e n c l ose toge ther , bu t fee l i nc reas ing l y s t r o n g b ind ing 
f o r c e s w h e n t h e y t r y to m o v e apar t . 

A m o n g t h e m a n y f a c e t s o f Q C D tha t h a v e e m e r g e d ove r t he pas t 
2 5 y e a r s is t h e p r o b l e m o f q u a r k - g l u o n d y n a m i c s at low e n e r g i e s , 
r e s p o n s i b l e fo r t h e p r o p e r t i e s o f h a d r o n s a n d nuc le i a s bu i l d i ng 
b locks of mat ter . E f fec t ive m o d e l s o f Q C D ( s u c h a s t h e cons t i t uen t 
q u a r k m o d e l ) w o r k r e m a r k a b l y wel l a t low e n e r g i e s t h o u g h a f u n 
d a m e n t a l de r i va t ion f r o m f u n d a m e n t a l Q C D is still lack ing . 

A t low e n e r g i e s t h e n u c l e o n a p p e a r s to be a c o m p o s i t e s t ruc tu re 
of t h r e e v a l e n c e ( c o n s t i t u e n t ) q u a r k s , wh i l e at h igh e n e r g y it c a n 
a p p e a r a s a c o m p l i c a t e d m ix tu re o f c u r r e n t q u a r k s a n d a n t i q u a r k s 
as wel l a s g l u o n s . T h e s e dua l p i c tu res o f t h e n u c l e o n a n d t h e l ink 
b e t w e e n t h e m are still no t fu l ly u n d e r s t o o d . 

P rog ress a n d n e w a t t e m p t s in t h e desc r i p t i on of h a d r o n s in t e r m s 
of c o n s t i t u e n t q u a r k s w e r e r e p o r t e d by M Beye r ( R o s t o c k ) a n d W 



Nuclear quarks 

of g lueba l ls a n d hybr ids is n o w genera l l y a c c e p t e d on theore t ica l 
g r o u n d s , it is on ly recen t l y t ha t c o h e r e n t e v i d e n c e h a s b e g u n to 
e m e r g e s u p p o r t i n g p red ic t i ons t ha t t he s i m p l e s t g luon ic m e s o n s 
ex is t be tween 1.4 a n d 1.8 GeV. 

S o m e bas i c p rope r t i es o f h a d r o n s a n d nuc le i , s u c h a s the i r 
m a s s e s , a re d i rect ly re la ted to t he s t ruc tu re of t he had ron i c v a c 
u u m , wh i ch in f luences the o the rw i se d i f f icu l t - to-ca lcu late ( n o n p e r -
t u rba t i ve ) a s p e c t s of Q C D . T h e i n f l uence of t he h a d r o n i c v a c u u m 
can be desc r ibed v ia Q C D s u m ru les. M Sh i fman (M inneapo l i s ) gave 
a n a c c o u n t of recent d e v e l o p m e n t s a n d a lso rev iewed 2 0 yea rs of 
t h e s u m - r u l e t e c h n i q u e . R Ruck l ( W u r z b u r g ) d e s c r i b e d spec i f i c 
app l i ca t ions for exc lus ive d e c a y s of h e a v y m e s o n s . T h e ques t i on of 
qua rk m a s s e s w a s cove red by M J a m i n ( H e i d e l b e r g ) . 

L a t t i c e Q C D 
G a u g e t h e o r y us ing an under l y i ng latt ice ra ther t h a n a c o n t i n u u m , 
p i o n e e r e d by Kenne th W i l s o n to desc r i be t he o the rw ise di f f icul t- to-
hand le aspec t s of Q C D , has u n d e r g o n e a t r e m e n d o u s deve lopmen t . 
A n u m b e r of var iants have been deve loped a n d it b e c a m e c lear f rom 
the ta lks of F J e g e r l e h n e r (DESY, Z e u t h e n ) a n d A S c h a f e r ( R e g e n s -
bu rg ) tha t latt ice Q C D will con t i nue to be a power fu l too l for Q C D 
p r o b l e m s at low energ ies . 

A n o t h e r sa l ien t fea tu re of l o w - e n e r g y Q C D is t he role p layed by 
topo log i ca l p rope r t i es o f g luon i c f ie ld con f i gu ra t i ons like co lou r -
magne t i c m o n o p o l e s a n d i n s t a n t o n s . T h e y migh t be respons ib le for 

quark c o n f i n e m e n t a n d a lso play a dec is i ve role in t he fo rma t i on 
a n d d y n a m i c s of the l ightest m e s o n s , a s w a s d i scussed by F Lenz 
( E r l a n g e n ) a n d H Re inhard t ( T u b i n g e n ) . 

In t he s a m e contex t , w i th respec t to m e s o n - b a r y o n phys ics a n d 
more genera l l y any had ron p roper t ies , cons ide ra t ion of chiral ( left-
h a n d e d a n d r i gh t -handed ) s y m m e t r y a n d c h i r a l - s y m m e t r y b reak
ing t u rns ou t to be impor tan t . G Ecker ( V i e n n a ) gave an inst ruct ive 
s u m m a r y of ch i ra l pe r t u rba t i on t heo ry , a n d P Kroll ( W u p p e r t a l ) 
a d d r e s s e d exc lus ive c h a r m o n i u m d e c a y s . 

W h i l e Q C D re l ies o n q u a r k s a n d g l u o n s , q u a r k a n d g luon i c 
deg rees of f r e e d o m are relat ively i n c o n s p i c u o u s for the d y n a m i c s of 
nuc le i . However , as e m p h a s i z e d by A T h o m a s ( A d e l a i d e ) , nuc lea r 
mat te r c a n n o t be desc r i bed so le ly by n u c l e o n s mov ing in a nuc lear 
po ten t ia l ; q u a r k a n d g luon i c a s p e c t s a l so n e e d to be t a k e n into 
accoun t . 

T h e s y m p o s i u m w a s co -o rgan i zed by the Inst i tutes f o rTheo re t i ca l 
Phys ics of the Ludw ig -Max im i l i ans -Un ive rs i ta t Mun ich a n d the Kar l -
F ranzens -Un i ve rs i t a t G r a z , w i th H Fr i tzsch a n d W P lessas cha i r ing 
the organ iz ing c o m m i t t e e . It w a s f u n d e d by the Prov ince of S ty r ia , 
t he Aus t r ian Federa l Min is t ry for S c i e n c e a n d T ranspo r ta t i on , a n d 
the G e r m a n W . E . H e r a e u s F o u n d a t i o n . It w a s a lso s u p p o r t e d by 
s p o n s o r s f rom c o m m e r c e a n d indus t ry as wel l as the t o w n of Obe r 
wo lz . 

H F r i t z s c h , Munich and W P l e s s a s , Graz. 
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Letters 
ut / t /v uoiUrjer we lcomes feedback but 
rese rv% s the right to edit letters. Please e-mai ' 
" c e r n . ^ o u r ^ r @ c e r n . c h " . 

C u l t u r e 
The problems discussed by Pascolini (Iftypt of 
view, November) are important and 1% a r t jc le 
is interesting. It is a pity that in the C j 0 m p ? r i -
son of science with neutrinos the i r m p o r t j , n c e 

of neutr inos for our life is not m e r n t j 0 n e j 
(wi thout neutr inos the Sun woujid n o t s h i n e , 
they are behind all ou r sou rce r s of e ^ e r S y ) - M Y 
second remark is about t h e / s e n t e r c e : "Since 
Gali leo, the language of p j h y s i c s , , a s b e e n 

mathematics.. ." E v e r y b o d y w h r read Gali leo's 
books knows that they h a v e r° mathemat ics, 
only images, and beaut i fu l p r o s e -

W h e n publishing ar r t ic les 0 1 1 spreading 
physics culture, you %houlc demonstrate that 
culture yourself. 
Lev Okun, ITER M o s ; c o w 

Alessandro Pascolijnj regies: 
I appreciate this s i j g g e s t 3 d improvement for 
the analogy be twe< e n s c t f n c e a n d neutr inos 
and will use it in fu ture , flfy reference to 
Gali leo was to his ( C | e a r statement,in, //, 
tore: "La filosofia scrltf^i in questo 
grandissimo l ibra.. . ( j 0 d ^ o I 'universo), ma 
non si puo ' in tend j e r e se "prima non s ' impara a 
intender la, l ingua... ne ' quali e' scritto. Egli e' 
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by Quang Ho-Kim o\nrl / h a m X u a m Y e m , 
Springer 3 540 63667 6. An introduction for 
ser ious students of particle physics, this is 
basical ly a textbook of the Standard Model . 
All chapters have extensive suggest ions for 
further reading and problems, s o m e with 
solut ions. It is up-to-date, including the M S W 
effect for neutr inos, neutral B mixing etc. 
• Basic Ideas and Concepts in Nuclear 
Physics-An Introductory Approach (2nd 
edit ion) by K Heyde, Institute of Physics 
Publ ishing 0 7503 0534 7 (hbk £ 1 0 5 / 
US$156) , 0 7503 0535 5 (pbk £ 3 5 / 
US$57) . T h e second edit ion of this es tab
l ished textbook on nuclear physics for senior 
undergraduates and postgrads includes an 

scritto in lingua matematica..." Mathemat ics is 
not only formulae but "a language plus logic... 
a tool for r e c s o n i r | g " > i n t h e w o r d s of Richard 
F e y n m a ^ Galileo was a master in the use of 

<yms powerful tool . 

C a n n e t t e te l l t h e d i f f e r e n c e ? 
I was del ighted to see attention given to the 
talented Les Horribles Cernettes (November ) 
in J a m e s Gi l l ies ' "Physics Sp i ce ! " article, but 
am perplexed by any compar ison between the 
Cernettes and the Canettes. Whi le the Cer
nettes can sing and put on a show, none of 
them play the washboard and I am certain 
that none would consider covering Big Bill 
Broonzy.The Canettes, a name admittedly 
also starting with a " C " and ending with an 
" S " , are a classic blues band. 
An anonymous Canettes fan 

James Gillies replies: 
No compar ison between the musical styles of 
the Cernettes and the Canettes was intended. 
My remark was simply an observation of the 
similarity between the names of two of the 
greatest bands to emerge from the cradle of 
the CERN Music Club. If any readers are inter
ested in learning more about the Canettes, 
they too can be found on the Web along with 
many other CERN bands at "h t t p : / /www.ce rn . 
c h / C E R N / C l u b s / M u s i c / r o c k . h t m l " . [Following 
our Novem.^r,"posies Sp ice ! " story, we were 
pleased to see the flewYorkTimes run a story 
on Les H o r r i b l e ^ r n e t t e s and Lynda Wil l iams, 
mey did not mention the Canettes - Ed.] 

extensive set of problems. A new chapter 
covers nuc'fe'i ext remes of stability. Th is 

ba lanced account of theoreM1 a n d e x P e r j -
mental nucieai p.v^irvq emphasize%depth °f 
treatment. 
•An Introduction to the Standard.Model of 
Particle Physics by W Noel Cot t ingham a r i c H 

Derek A Greenwood , Cambr idge University 
Press 0521 58832 4 (pbk £17 .95 / 
US$29 .95 ) 0521 58191 5 (hbk £47 .50 / 
US$74.95) . Wi th the Standard Model such 
an integral part of our understanding of fun 
damenta l physics, it is good to have a 
textbook a imed at senior undergraduates 
and beginning graduate students which uses 
the Standard Model as a launchpad. Writ ten 
by theoret ic ians, it is oriented towards for
mal ism rather than exper iments and recent 
exper imental details. It includes some prob
lems and hints on how to solve t hem. 

C E R N C o u r i e r February 1999 
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DESY 

D E S Y announces severa l 

" D E S Y - F e l l o w s h i p s " 
for y o u n g scientists in exper imenta l particle phys i cs to participate 
in the research mainly with the H E R A coll ider exper iments H1 and 
Z E U S , with the f ixed target exper iments H E R A - B and H E R M E S and 
i n R & D w o r k f o r T E S L A . 

N e w fel lows are se lec ted twice a year in Apri l and October . 

D E S Y Fel lowships in exper imental particle phys ics are a w a r d e d for 
a durat ion of two yea rs with the possibility for prolongat ion by one 
addit ional year. 

T h e salary for the fel lowship is determined accord ing to tariffs 
appl icable for public serv ice w o r k (II a M T V A n g . ) . 

Interested persons , w h o have recently comple ted their Ph .D . and 
are under 32 y e a r of a g e , shou ld submit an appl icat ion consist ing 
of a curr iculum vitae, cop ies of university deg rees and a publ icat ion 
list; and shou ld a r range to have three letters of recommenda t ion 
sent directly to : 

D E S Y , P e r s o n a l a b t e i l u n g , N o t k e s t r . 85, D-22607 H a m b u r g 
b y 31 M a r c h 1999 C o d e - N u m b e r 91 /98 

Hand i capped appl icants will be g i ven pre ference to others with the 
s a m e qualif ications. W o m e n are especial ly e n c o u r a g e d to apply.; 

A s D E S Y has laboratories at two sites, in H a m b u r g and Zeu then 
near Berlin, appl icants m a y indicate at wh ich location they w o u l d 
prefer to work . T h e salary in Zeu then is determined accord ing to 
II a , B A T - O . 

EES 5 m TAT E 
U N I V E R s I T Y 

R e s e a r c h A s s o c i a t e P o s i t i o n at 
M i c h i g a n State U n i v e r s i t y 

The MSU High Energy Physics group has openings for the position of 
Research Associate to participate in our ongoing work with the 
DO experiment at Fermilab and the ATLAS experiment at CERN's Large 
Hadron Collider. At DO, the MSU group is active in analyses of the top 
quark. W mass, QCD studies and SUSY searches. We are also 
responsible for upgrades to the Level 1 and Level 2 trigger systems. 
In ATLAS we are developing elements of the Level 2 trigger system as 
well as participating in triggering simulation studies. Applicants should 
have a PhD in high energy physics. Working experience with fast 
electronics and modern computer languages is highly desirable. 
Michigan State University is an equal opportunity institution. 
Applications from women and minorities are encouraged. For farther 
information contact: P r o f e s s o r M a r i s A b o l i n s , D e p a r t m e n t o f 
P h y s i c s a n d A s t r o n o m y , M i c h i g a n State U n i v e r s i t y , East L a n s i n g M I 
48824. T e l e p h o n e : (517) 353-1677. E m a i l : A b o l i n s @ d i r a c . m s u . e d u . 

B e a m P h y s i c s D e p a r t m e n t H e a d 
Beams Division 

— — Fermilab — 
T h e F e r m i l a b B e a m s D i v i s i o n is seek ing a physicist t o head 
t h e B e a m Phys ics D e p a r t m e n t . D e p e n d i n g o n i n d i v i d u a l 
qual i f icat ions, th is pos i t ion w o u l d be t e n u r e d or tenure - t rack . 
T h e D e p a r t m e n t p rov ides theore t i ca l and calculat ional suppor t 
f o r ex is t ing and f u t u r e accelerators. T h e D e p a r t m e n t Head plays 
a leading ro le in iden t i f y ing research topics and gu id i ng t h e 
progress o f a b o u t 15 accelerator physicists, as we l l as superv is ing 
t h e m a i n t e n a n c e a n d d e v e l o p m e n t o f t h e d e p a r t m e n t ' s 
accelerator physics so f twa re tools a n d compu te r sys tem. A n o t h e r 
major responsibi l i ty is t o fos ter commun ica t i on w i t h i n the g r o u p 
and w i t h o the r d e p a r t m e n t s in t h e Beams Div is ion. 

A Ph.D. in physics or its equ iva len t and several years o f exper ience 
in the f ie ld o f accelerator physics is r equ i red . A signi f icant record 
o f sc ient i f ic pub l i ca t ions o r o the r , c o m p a r a b l e e v i d e n c e o f 
scienti f ic exce l lence is also r e q u i r e d . 

O u r h i g h l y t a l e n t e d p r o f e s s i o n a l s a r e r e w a r d e d f o r t h e i r 
c o n t r i b u t i o n s t h r o u g h c o m p e t i t i v e salar ies a n d e x c e p t i o n a l 
benef i ts , inc lud ing medica l /denta l / l i fe , t u i t i on re imbursemen t , 
and access t o ou r 6,800 acre na tu re p reserve . Please send a copy 
o f y o u r cu r r i cu lum v i t ae , a n d t h r e e tetters o f r e c o m m e n d a t i o n 
t o : A t t n : D r . S t e p h e n D . H o l m e s , F e r m i l a b N a t i o n a l 
A c c e l e r a t o r L a b o r a t o r y , P .O. B o x 500, B a t a v i a , I l l i n o i s , 
60510-0500. E - m a i l : h o l m e s @ f n a l . g o v W e are an E E O / A A 
E m p l o y e r M /F /D /V 

Fermilab 
Minds Over M a t t e r * ^ 

www. f r taLgov 4 

Faculty Position in Experimental Particle Physics 
University of Alabama 

Applications are being sought for a tenure-track faculty position in 
experimental particle physics at the University of Alabama. The appointment will 
begin August 1999. It is anticipated that the appointment will be made at the 
assistant professor level, but appointment to higher rank may be considered for 
a candidate with exceptional qualifications. The present experimental particle 
physics faculty are involved in collider experiments (L3 and CMS at CERN) and 
non-accelerator neutrino experiments (Palo Verde and KamLAND). The 
successful applicant for the position will have a Ph.D. in experimental particle 
physics or a related field, demonstrated potential to pursue a productive research 
program at the forefront of particle physics, and the ability to teach effectively at 
the undergraduate and graduate levels. 

Applicants should send a resume, which includes a list of publications research 
and teaching interests, and the names of three references, to 

P r o f . J e r r y Buseni tz , Search Commi t tee Cha i r , 
Depar tment o f Physics and A s t r o n o m y , B o x 870324, 
U n i v e r s i t y o f A labama, Tuscaloosa, A L 35487-0324 

(busenitz @bama.ua.edu) 

Applications should be received by February 15, 1999 to ensure consideration. 

EO/AAE W/M 

mailto:Abolins@dirac.msu.edu
mailto:holmes@fnal.gov
http://www.frtaLgov
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EUROPEAN 
SYNCHROTRON 
RADIATION 
FACILITY 

GRENOBLE-FRANCE 
I N S T A L L A T I O N EUROPEENNE DE R A Y O N N E M E N T 
S Y N C H R O T R O N 
In Grenoble, France, the ESRF operates a state-of-the-art high brillidnce synchrotron radiation source in 

the X-ray range. X-rays are produced from an accelerator system consisting of a 200MeV electron linac, a 6 GeV fast cycling booster 
synchrotron and a 6 GeV electron storage ring, operated 24 hours a day for the production of X-ray beams. These X-ray beams are used by 
many teams of scientists to study the molecular structure of matter. 

Physics, Chemistry, Crystallography, Earth Science, Biology and Medicine, Surface and Materials Science. 

The ESRF employs 500 people and is organised into five Divisions. The ESRF is presently seeking to recruit the (m/f) 

Head of Technical Services Division 
The funct ion: The mission of the Technical Services Division (80 MF annual budget, 15 Engineers, 50 Technicians) is to provide support to 
both the Machine and Experiments Divisions in the fields of ultra high vacuum, micro-geodesy and mechanical engineering. In addition it is 
responsible for buildings and infrastructure (electricity, heating etc.) for the whole institute. The head of the Technical Services reports 
directly to the Director General. 

Qualifications and Experience: The suitable candidate must be a chartered professional engineer who has graduated from a recognised 
engineering school or university. Experience, at a high level of responsibility, in the supervision of the construction and operation of a large 
size research institute, including the operation of the related infrastructure fluids generation and distribution, electrical distribution networks, 
air conditioning, telecommunications ... is essential. Furthermore he/she must have been involved in the management of projects of 
significant size in the construction of particle accelerators and/or large experimental set ups for scientific research. Demonstrable man-
management and financial management skills are therefore important. 

The candidate must be fluent in spoken and written English, the working language of the ESRF,- a knowledge of French is also clearly 
desirable. The full job-description can be found on the ESRF web site (http://www.esrf.fr); 

If you are interested, please send us a fax (+33 (0)4 76 88 24 60) or an e-maif (recruitm@esrf.fr) with your address, and we will 
provide you with an application form. You can also print out an appl icat ion form on the World Wide Web http://www.esrf.fr/. 
Deadline for returning the appl icat ion forms: 28 February 1999. 

science serving society 

Physicist 
T h e Subatomic Physics Group (P-25) seeks an outstanding experimen
tal physicist to play a leadership role in our Relativistic Heavy Ion 
Collider program. The successful candidate wi l l enhance the physics 
program and aid in retaining our lead position for the P H E N I X Mult i
plicity and /e r tex Detector and Muon Arms subsystems. P-25's current 
physics interests at P H E N I X include vector meson suppression, open-
charm production, spin structure of the nucleon, global variables, 
inclusive hadron spectra, and hadron-pair interferometry. 

T h e Subatomic Physics Group also studies accelerator-based neutrino 
physics ( L S N D and BooNE) , high-energy strong-interaction physics 
(E866/NuSea), the neutron electric dipole moment, quantum computing 
and atomic trapping. In addition, there is research and development 
using hadron radiography and other beam technology related to the 
Science-Based Stockpile Stewardship program. Extensive achievement 
in strong interaction physics relevant to relativistic heavy ion collisions 
with a broad knowledge of experimental techniques employed in nuclear 
and particle physics, is required. Applicant should also have demon
strated capabilities in defining and articulating achievable scientific 
goals. 

For technical questions related to this position, contact John Sullivan at 
su l l i van@lan l .gov. 

Interested candidates should submit a written statement explaining how 
their qualifications match L A N L ' s needs and attach a resume to this 
statement. For full text of this job, see ht tp : / /www. lan l .gov/external / 
opportunit ies and search for job number 994437. 

For consideration, please send application materials referencing 
" C E R N 9 9 4 4 3 7 " t o j o b s @ l a n l . g o v (no attachments, please) or mail 
to: H u m a n Resources D iv i s i on , 
Los Alamos National Laboratory, • m • 
"CERN994437, " Mai l Stop P286, L O S A I3 IT10S 
Los A lamos, New Mexico 87545. n a t i o n a l l a b o r a t o r y 

www.lanl.gov A A / E O E . 
Operated by the University of California 
for the Department of Energy 

I X / I I T 
POSTDOCTORAL ASSOCIATE 
HIGH-ENERGY PHYSICS 
The Laboratory for Nuclear Science invites applications for a Postdoctoral Associate 
position with the Nuclear Interactions Group. The research of the Nuclear 
Interactions Group involves the study of nuclei and nucleons with < Icctromagnetic 
probes. The research is carried out at CEBAF in the Thomas Jefferson National 
Accelerator Facility as well as at the MiT Bates Linear Accelerator Center and the 
MAMI laboratory at Mainz, Germany. AT CEBAF, the group has an active research 
program with experiments on the Schedule in aft 3 experimental Halls. Additional 
proposals are approved and are expected to run within the next 
2-3 years. The research program includes the structure Of the nucleon. few body 
systems, short-range correlations and many-body currents in nuclei At Bates, the 
research revolves around the Out Of Plane Spectrometers system (OOPS), and it 
includes studies of the nucleon, deuteron and 3He. At MAMI, the group has an 
active program studying 3He and 4He. Our Postdoctoral Research Associates are 
encouraged to propose additional new experiments. The research at all laboratories 
fit within an integrated research program. It is anticipated that this position will be 
associated mainly with work at CEBAF. 

Please submit cover letter, resume and 3 letters of recommendation to: Professor W. 
Bertozzi, MIT room 2&437, 77 Massachusetts Ave, Cambridge, MA 02139. MIT is 
an Affirmative Action/Equal Opportunity Employer and encourages applications from 
women and minorities 

M A S S A C H U S E T T S I N S T I T U T E O F T E C H N O L O G Y 
An Equal Opportunity/Affirmative Action Employer 

Non-Smoking Environment 

http://www.esrf.fr
mailto:recruitm@esrf.fr
http://www.esrf.fr/
mailto:sullivan@lanl.gov
http://www.lanl.gov/external/
mailto:tojobs@lanl.gov
http://www.lanl.gov


The Faculty of Science at the University of Nijmegen, the Netherlands, 
carries out research and teaching in Physics, Chemistry, Biology, 
Environmental Science, Mathematics and Informatics. 
The Deparment of Experimental High Energy Physics at the University 
of Nijmegen has an opening for lecturer. 

Lecturer (UD) f/m 
Experimental High Energy Physics 
Together with the Department of Theoretical High Energy Physics the 
department forms the High Energy Physics Institute Nijmegen 
(HEFIN). The department is also a partner in the national institute for 
sub-atomic physics NIKHEF and the Dutch research school for sub
atomic physics. 
For its research the department makes use of the facilities of the 
European Laboratory of Particle Physics (CERN) in Geneva and the 
Fermi National Accelerator Laboratory (FNAL) in Chicago, USA. 
At the moment the department is extensively involved in the L3 
experiment at LEP. At the same time it prepares for a new period of 
data collection with the DO-experiment at the Tevatron, and reali
sation of the new to build ATLAS experiment at LHC. 

Position 
The position is aimed on participation in DO and ATLAS. The teaching 
associated to this position is inside the subfaculty of physics and 
comprises both general physics and specialistic topics. The candi
date must be willing to fulfil the usual share of administrative tasks. 

Profile 
- PhD in physics and several years of post-doc experience 

Faculty 
of Science 

- broad knowledge of High Energy Physics, in analysis and 
interpretation of experimental data 

- deep knowledge of and extensive experience in the field of 
instrumentation for High Energy Physics experiments 

- didactical qualities and interest in teaching. 
For foreign candidates it will be required to master the Dutch 
language within two years. 

Terms of employment 
On satisfactory performance, after 1 year a tenure appointment will 
be offered. The salary depends on experience and is maximally 
NLG 8387 gross per month. 

Information and application 
More information can be obtained from prof.dr. S.J. de Jong, 
tel. +31 24 365 21 68, e-mail: sijbrand@hef.kun.nl 
Application letters, including curriculum vitae, a list of publications 
and 3 reference letters can be sent before March 1 1999 to: Univer
sity of Nijmegen, Personnel Department, Toernooiveld 1, 6525 ED 
Nijmegen, The Netherlands, mentioning reference number 98.76 
on letter and envelope. 

U N I V E R S I T Y O F V I C T O R I A 

P O S T D O C T O R A L R E S E A R C H P O S I T I O N 
E X P E R I M E N T A L H I G H E N E R G Y P H Y S I C S 

The High Energy Physics Group at the University of Victoria has an 
opening for a Research Associate to work on the BaBar experiment at the 
S L A C B Factory. Our group is part of the team which has ongoing 
responsibilities for the BaBar Drift Chamber. The successful applicant will 
write BaBar reconstruction software in C+ + , participate in data taking and 
play a leading role in physics analysis. A recent Ph.D. in experimental 
particle physics is required with demonstrated software and data analysis 
experience. This position is a two-year appointment, with the possibility 
of renewal. Candidates should supply a CV, with list of publications, 
description of research interests and three letters of reference to: 

Professor J . M. Roney 
Department of Physics and Astronomy 

University of Victoria 
Box 3055 Stn C S C 

Victoria, B.C. 
C A N A D A 
V8W 3P6 

This position will be filled as soon as a suitable candidate is identified. 

Enquiries may be sent by e-mail to: mroney@uvic.ca 

The University of Victoria strongly encourages applications from women, 
persons with disabilities, visible minorities, and aboriginal persons. In 
accordance with Canadian immigration requirements, this advertisement 
in the first instance is directed to Canadian citizens or permanent residents. 
However, all suitably qualified physicists are encouraged to apply. 

DESY is a phys ics research laboratory wi th 
1.400 e m p l o y e e s and more than 3.000 gues t 
scientists f rom G e r m a n y and ab road . T h e 
scienti f ic p r o g r a m m e inc ludes resea rch in 
particle phys ics and synchro t ron radiation. 

D E S Y invites appl icat ions for the posit ion of an 

Experimental Physicist 
T h e cand idate is expec ted to take a leading role in the research 
p rog ram of the Z E U S exper iment at the H E R A electron-proton 
collider, to participate in a n d to coord inate phys ics analysis, and to 
participate in the deve lopmen t and main tenance of detector 
componen ts . T h e cand idate shou ld a lso be highly qualif ied in the 
area of m o d e r n information techno log ies and shou ld take respon 
sibility in the offline p rog ramming a n d data m a n a g e m e n t of the 
Z E U S exper iment . 

Appl icants shou ld have a Ph .D . in phys ics , severa l yea rs of 
exper ience in exper imenta l particle phys i cs and shou ld be act ive in 
research in this field. T h e y shou ld have an establ ished record in the 
analysis of particle phys i cs data and be able to coord inate and 
work in c lose col laborat ion with physic is ts and techn icans of the 
Z E U S exper iment . 

T h e appoin tment will be indefinite wi th a salary accord ing to federal 
tariffs ( B A T lb, lla depend ing on exper ience and qualif ication). 

Letters of appl icat ion including a curr icu lum vitae, list of pupl ica-
t ions and the n a m e s of three referees shou ld be sent to: 
DESY, Personalabteilung, NotkestraBe 85, D-22607 Hamburg, 
Germany 
by March 1 st, 1999 Code number 3/99 

H a n d i c a p p e d appl icants will be g i ven pre ference to other appl i 
cants wi th the s a m e qualif ications. W o m e n are especia l ly 
e n c o u r a g e d to app ly for this posit ion. 

mailto:sijbrand@hef.kun.nl
mailto:mroney@uvic.ca


CHAIR OF COMPUTER SCIENCE AT STONY BROOK and 
HEAD OF A NEW CENTER AT 

BROOKHAVEN NATIONAL LABORATORY 
The State University of New York at Stony Brook is seeking an outstanding leader and distinguished scientist to become the Chair of the Computer Science | 
Department. The new Chair will serve as the academic leader for the Department as well as the head of the new Center for Data-intensive Computing to be j 
established at Brookhaven National Laboratory. The Department Chair will build on the existing strength and capabilities of the Department in order to | 
enhance its position among top tier academic programs. We seek a computer scientist with an international reputation, who is committed to excellence, j 
demonstrates strong leadership and interpersonal skills, who would be an effective advocate for the Department and the Center. 

The Computer Science Department, consistently rated among the top tier in North America, currently has 24 faculty members. The Department has a j 
multi-million dollar grant from Computer Associates along with University matching to substantially expand the Department, which is expected to grow 
to about 35 faculty members in the next few years. The past growth of the Department was promoted by four NSF infrastructure awards. The primary I 
active research strengths of the Departments are in graphics/visualization, logic programming/database, concurrency/verification, and computer systems, j 
Detailed information on the Department and the research activities of these groups can be found on the Department home page: www.cs.sunysb.edu 

Brookhaven is a multidisciplinary National Laboratory engaged in basic and applied research and is managed by Brookhaven Science Associates under j 
contract with the US Department of Energy. The new Center for Data-intensive Computing is expected to have about 10 scientists and will emphasize 
data mining, visualization, parallel and distributed computing and networking, and modeling and simulation.Detailed information on Brookhaven can j 
be found on the Laboratory home page: www.bnl.gov. 

This position presents an outstanding opportunity to build, with significant resources, a unique and exciting program in computer science linked with | 
data-intensive applications. 

Applications and nominations, including curriculum vitae and the names of at least five references, should be sent to: Professor Arie Kaufman, Chair, j 
Computer Science Chair Search Committee, Department of Computer Science, State University of New York at Stony Brook, Stony Brook, NY 11794- j 
4400. The committee will start reviewing applications in January 1999. Applications from women and minorities are particularly sought. Stony Brook is 
an affirmative action/equal opportunity educator and employer. BNL is an equal opportunity employer committed to workforce diversity. 

BROOKHAVEN 
NATIONAL LABORATORY 
B R O O K H A V E N S C I E N C E A S S O C I A T E S 

w w w . b n l . g o v 

SUNY AT 
STONY BROOK 

w w w . c s . s u n y s b . e d u 

i l 1 Scientist 
Fermilab Computing Division 

Simulation Group 
The Comput ing D iv is ion at Fermi lab has an opening 
for an Associate Scientist in the Simulat ion G r o u p of 
the Physics Analysis Tools Department. The group is 
developing and using new software tools to facilitate 
physics study for future high energy physics experi
ments and new facilities. The successful candidate 
will be expected to make significant contributions to 
the Muon Collider R&D program, using the results of 
these challenging computer simulations. In addition, 
the position offers the opportunity to participate part-
time in Fermilab's ongoing research program in ac
celerator or high energy physics. 

The candidate must have a Ph.D in experimental 
high energy physics and significant experience with 
experimental particle physics detectors, beam lines, 
or accelerator physics and analysis and simulations 
in these fields. Extensive experience in the develop
ment of physics software in Fortran 77 , C or C++ is 
required, experience with UNIX, NT-Windows, C and 
C++ recommended. 

Our highly talented professionals are rewarded for 
their contributions through competitive salaries and 
exceptional benefits, including medical/dental/life, 
tuition reimbursement, and access to our 6,800 acre 
nature preserve. Share in the wonder that is Fermilab. 
Applicants for position CC/980209 should include a 
curriculum vitae, a list of publications and 3 letters 
of reference and should be sent to: Dr . Matthias 
K a s e m a n n , Fermi Nat ional Acce le ra to r Laboratory, 
P.O. Box 500, M.S. 120, Batavia, IL 60510, U S A . 
We are an EEO/AA Employer M/F/D/V 

F e r m i l a b 
M i n d s O v e r M a t t e r ' 4«* < 

The Max-Planck-lnstitut 
fur Physik, Munchen, offers the 

postdoc-position of an 

Experimental Physicist (Ph.D.) 
wi th e x p e r i e n c e in h i g h - e n e r g y part ic le phys ics a n d in par t icu lar in 
data process ing . T h e app l icant is expec ted to par t ic ipate in 
p r e p a r i n g , runn ing a n d eva lua t ing the S T A R h e a v y - i o n expe r imen t 
to be ca r r i ed out w i th t w o col l id ing A u - b e a m s at the Relativistic 
H e a v y Ion Co l l i de r ( R H I C ) , B r o o k h a v e n , w h e r e o u r institute 
contr ibutes t w o T i m e Project ion C h a m b e r s (TPCs) w i th rad ia l drift 
f ield. 

T h e tasks wi l l ma in l y concent ra te o n the acquis i t ion a n d on l ine-
process ing o f the da ta taken w i th these T P C s . 

T h e contract wi l l init ial ly be l imited to t w o y e a r s w i th the 
possibi l i ty o f a n ex tens ion . T h e p lace o f w o r k wi l l be the M u n i c h 
institute w h i l e l onger stays at B r o o k h a v e n a r e also e x p e c t e d . 
P a y m e n t w i l l f o l l o w the G e r m a n "Bundesanges te l l t en ta r i f " 
c a t e g o r y I la. 

App l i ca t ions , together w i th a cur r i cu lum v i tae , a list o f publ icat ions 
a n d the names o f three re fe rences , shou ld be sent to 

Prof. N. Schmitz 
Max-Planck-lnstitut fur Physik 

Fohringer Ring 6 
80805 Munchen 

Germany 

Applications should be received before March 31, 1999. 
Handicapped applicants will be given preference to others with the same 

qualifications. Women are especially encouraged to apply. 

http://www.cs.sunysb.edu
http://www.bnl.gov
http://www.bnl.gov
http://www.cs.sunysb.edu


DESY 

D E U T S C H E S E L E K T R O N E N 
S Y N C H R O T R O N DESY 
D E S Y is one of the leading laboratories in 
particle physics and synchrotron radiation 
research. For its location in Zeuthen near 
Berlin D E S Y is offering a 

P O S T D O C T O R A L R E S E A R C H POSITION 
to young scientists to participate in the preparation of 
the e + e linear collider T E S L A . Th is includes studies for 
the physics motivation of the project as well simulations 
for the optimization of the detector. 

Applicants should have a PhD in experimental high 
energy physics. 

T h e position is limited to a duration of 2 years. T h e 
salary will be according to the German civil services 
BAT-0 Ha. 

Handicapped applicants will be given preference to 
other applicants with the same qualification. 
D E S Y encourages especially women to apply. 

Interested young scientists should send their letter of 
application and three names of references and their 
addresses by February 28th, 1999 to: 

DESY Z e u t h e n , P e r s o n a l a b t e i l u n g 
P la tanena l l ee 6, 15738 Z e u t h e n , T e l . : 0049/33762/77210 

PHYSICIST/ 
ENGINEER 

The National Synchrotron Light Source Department at 
Brookhaven National Laboratory (NSLS) is seeking an 
Accelerator Physicist/Engineer to work on the operation 
and improvement of the existing NSLS storage rings. 
Important areas of work include lattice modeling, orbit 
control, injection optimization and study of beam inten
sity limiting effects. Experience in the development of 
the related hardware and diagnostic equipment is 
desired, as well as skill in developing software application 
programs. Demonstrated independence in work and the 
ability to coordinate activities also required. 

For consideration, please forward your resume indicating 
Position #DD4512 , to: Donna Dowling, Brookhaven 
National Laboratory, HR Division, Bldg. 185, PO Box 
5000, Upton, NY 11973-5000, Fax: (516) 344-7170, 
Email: dowling@bnl.gov. For the hearing disabled: T D D 
516-344-6018. B N L is an equal opportunity employer 
committed to workforce diversity. 

B R O O K H A V E N 
N A T I O N A L L A B O R A T O R Y 
B R O O K H A V E N S C I E N C E A S S O C I A T E S 
w w w . b n l . g o v 

U P P S A L A U N I V E R S I T Y 
The Svedberg Laboratory 
Postdoctoral fellowship in accelerator physics 
The Svedberg Laboratory (TSL) in Uppsala, Sweden invites outstanding applicants 
for a postdoctoral position in accelerator physics. The appointment is for one year, 
with the possibility of an extension to a second year. Candidates must have passed 
their PhD examination not more than three years ago. 

The laboratory operates the Gustaf Werner cyclotron and the CELSIUS cooler ring. 
The cyclotron is a synchrocyclotron/isochronous cyclotron hybrid. It delivers beams 
of heavy-ions as well as protons, which are used for a multitude of applications. In 
the CELSIUS ring, protons and other ions are stored, accelerated to different 
energies, electron cooled, and used for physics research. Information about the 
laboratory can be found at http://www.tsl.uu.se/. 

In the framework of the R&D phase of the European Spallation Source (ESS) 
project, the laboratory will develop a monitor, which will be used to map the 
longitudinal phase space of an intense 2.5 MeV H- beam from an RFQ. 

Further information about the laboratory and the position can be obtained from 
Dag Reistad (phone +46484713177, e-mail Dag.Reistad@tsl.uu.se) and from 
Volker Ziemann (phone +46-184713867, e-mail Volker.Ziemann@tsl.uu.se). 

Applications must reach the Director, The Svedberg Laboratory, Box 533, 
S-75121, UPPSALA, Sweden (fax no. +46-1847138 33) not later than 
12 April 1999. 

T H E U N I V E R S I T Y 
o f L I V E R P O O L 

D e p a r t m e n t o f P h y s i c s 

Lec tu resh ips (3 Posts) 
Initial salaries within the range £16,655 - £29,048 pa 

Applications are invited from candidates with excellent research 
records to join our experimental groups in Condensed Matter 
Physics, Nuclear Physics and Particle Physics. Current research 
interests are: 
Condensed Matter Physics: X-ray and neutron scattering to 
investigate magnetic materials. 
Nuclear Physics: Stable and radioactive beams to study extremely 
deformed nuclei and nuclei far from stability. 
Particle Physics: Colliding beam experiments at CERN, DESY, 
FNAL and SLAC to probe the Standard Model and beyond. 
Successful candidates will participate in the undergraduate and 
postgraduate teaching programmes. 
Informal enquiries to Professor E Gabathuler on 0151 794 3349 
or email: erwin@hep.ph.liv.ac.uk, Departmental web site 
http://www.ph.liv.ac.uk 
Quote Ref: B/071/PW Closing Date: 15 March 1999 

Further particulars and details of the application procedure may be 
requested from the Director of Personnel, The University of 
Liverpool, Liverpool L69 3BX on 0151 794 2210 (24 hr 
answerphone) or via email: jobs@liv.ac.uk 

Web site at http://www.liv.ac.uk 

C O M M I T T E D T O E Q U A L O P P O R T U N I T I E S 

mailto:dowling@bnl.gov
http://www.bnl.gov
http://www.tsl.uu.se/
mailto:Dag.Reistad@tsl.uu.se
mailto:Volker.Ziemann@tsl.uu.se
mailto:erwin@hep.ph.liv.ac.uk
http://www.ph.liv.ac.uk
mailto:jobs@liv.ac.uk
http://www.liv.ac.uk


Project Manager 
NEUTRINOS AT THE MAIN INJECTOR (NUMI) 

F e r m i l a b i n v j t e s a p p l i c a t i o n s a n d n o m i n a t i o n s f o r t h e 
p o s i t i o n o f P r o j e c t M a n a g e r o f t h e N e u t r i n o s a t t h e 
M a i n I n j e c t o r ( N u M I ) p r o j e c t - a D O E f u n d e d p r o j e c t 
w i t h a t o t a l b u d g e t o f $ 1 3 6 M . T h e N u M I p r o j e c t e n 
c o m p a s s e s c o n s t r u c t i o n o f a n i n t e n s e m u o n n e u t r i n o 
b e a m , g e n e r a t e d u s i n g t h e n e w M a i n I n j e c t o r a t 
F e r m i l a b , a n d o n - s i t e a n d r e m o t e d e t e c t o r s ( d e s i g n a t e d 
M I N O S ) in s u p p o r t o f a l o n g b a s e l i n e n e u t r i n o osc i l l a 
t i o n e x p e r i m e n t . T h e r e m o t e d e t e c t o r w i l l b e l o c a t e d 
7 3 0 k m f r o m F e r m i l a b in t h e S o u d a n m i n e in n o r t h e r n 
M i n n e s o t a . T h e n e u t r i n o b e a m l i n e a n d M I N O S d e t e c 
t o r s are" s c h e d u l e d f o r f i r s t o p e r a t i o n in l a t e 2002. T h e 
P r o j e c t M a n a g e r c a r r i e s e x e c u t i v e r e s p o n s i b i l i t y f o r t h e 
d e s i g n , c o n s t r u c t i o n , i n s t a l l a t i o n , a n d c o m m i s s i o n i n g 
o f b o t h t h e n e u t r i n o b e a m a n d t h e M I N O S d e t e c t o r s . 

C a n d i d a t e s s h o u l d h a v e d e m o n s t r a t e d e x p e r i e n c e in l e a d 
e r s h i p o f phys i cs e x p e r i m e n t s a n d l a r g e p r o j e c t s , as w e l l 
as a s t r o n g i n t e r e s t in n e u t r i n o o s c i l l a t i o n phys i cs . 

F o r f u r t h e r i n f o r m a t i o n a b o u t t h i s p o s i t i o n o r t o s u b m i t 
a n a p p l i c a t i o n , p l e a s e c o n t a c t D r . H u g h M o n t g o m e r y , 
C h a i r , N u M I S e a r c h C o m m i t t e e , M S 3 5 7 F e r m i l a b , 
B o x 5 0 0 , B a t a v i a , I L 6 0 5 1 0 , e - m a i l a d d r e s s : 
m o n t @ f r i a l . g o v , p h o n e : 6 3 0 - 8 4 0 - 4 7 0 8 . A p p l i c a t i o n s 
s h o u l d i n c l u d e a c u r r i c u l u m v i t a a n d a list o f a t leas t 
t h r e e r e f e r e n c e s a n d t h e y s h o u l d b e r e c e i v e d b y F e b r u a r y 
28, 1999. W e a r e a n E E O / A A E m p l o y e r M / F / D A / 

Fermilab 
Minds Ove r M a t t e r * ^ 

w w w . f n a l . g o v 

D E S Y a n n o u n c e s a 

Post-Doc Position 
T h e D E S Y laboratory invites appl icat ions for a postdoctora l posit ion 
to part icipate in the commiss ion ing of the F i rs t Leve l T r i g g e r of the 
H E R A - B e x p e r i m e n t . H E R A - B will m e a s u r e CP-Violat ion p a r a m e 
ters in the B m e s o n s y s t e m . T h e exper iment is present ly being 
installed in the H E R A s to rage ring at D E S Y H a m b u r g . 
T h e large backg round , large n u m b e r of detector channe ls , a n d h igh 
event rate m a k e s H E R A - B tr iggering a specia l cha l lenge. For ' the first 
t ime a H E P exper iment is conf ron ted with a situation as e x p e c t e d for 
the L H C . At a latency of about 10 micro s e c o n d s the First Leve l 
Tr igger f inds tracks of leptons a n d hadrons , calculates their 
m o m e n t a , and reconstructs the invariant m a s s of all poss ib le track 
pairs of a g i ven event. T h e First Leve l T r igger cons is ts of about o n e 
hund red specia l ized p rocesso r boa rds that s imul tanously p r o c e s s 
detector da ta at a rate of 1 Tb i t /sec . 
T h e posit ion is an excel lent opportuni ty for a mot ivated individual to 
play a major role in the commiss ion ing of the First Level Tr igger. 
Contr ibut ions are especial ly e x p e c t e d to the deve lopmen t of the 
sof tware architecture that will al low to operate the p rocesso r net
work , and the sof tware implementat ion. T h e success fu l cand idate is 
e x p e c t e d to participate in the u p c o m i n g phys i cs da ta analys is. 

P rospec t i ve appl icants shou ld h a v e d e m o n s t r a t e d so f tware 
exper ience . I n particular, familiarity with the C p r o g r a m m i n g 
l anguage is required. K n o w l e d g e of a Un ix t ype operat ing s y s t e m 
a n d da ta b a s e s wou ld be of a d v a n t a g e . 
In terested cand ida tes , w h o h a v e recent ly c o m p l e t e d their P h . D . 
a n d are under 32 y e a r of a g e , shou ld submi t a n appl icat ion 
cons is t ing of a cur r icu lum vi tae, c o p i e s of un ivers i ty d e g r e e s a n d a 
publ icat ion list; a n d shou ld a lso a r r a n g e to h a v e three letters of 
r e c o m m e n d a t i o n sent direct ly to : DESY, P e r s o n a l a b t e i l u n g , 
N o t k e s t r a B e 85 , D- 2 2 6 0 7 H a m b u r g b y 20 o f F e b r u a r y 1999 
C o d e - n u m b e r : 103 /98 
H a n d i c a p p e d appl icants will be g i v e n p re fe rence to other wi th the 
s a m e qual i f icat ions. W o m e n are espec ia l l y e n c o u r a g e d to apply. 

Facu l t y Pos i t i ons Expe r imen ta l 
P a r t i c l e - A s t r o p h y s i c s 

T H E OHIO STATE UNIVERSITY 

T h e Depar tmen t of P h y s i c s invi tes appl icat ions for t w o faculty 
posit ions in exper imenta l par t ic le-ast rophys ics beginning in Fall 
1999. O n e posit ion is e x p e c t e d to be at the sen ior ( tenured) leve l . 
and o n e posit ion is e x p e c t e d to be at the Ass is tan t P ro fesso r ( tenure 
track) leve l . Cand ida tes for the junior level posit ion shou ld h a v e a 
P h . D . in P h y s i c s , s o m e postdoctoral e x p e r i e n c e and demons t ra ted 
outstanding resea rch accomp l i shments . Appl icants for the sen ior 
posit ion shou ld h a v e an act ive resea rch p rog ram. A commi tment to 
exce l l ence in teach ing at both the underg radua te and g radua te 
levels is essent ia l . Success fu l appl icants will fo rm the co re of a n e w 
exper imenta l par t ic le-ast rophysics g roup . Wh i l e appl icat ions f rom 
all a reas of exper imenta l par t ic le-ast rophys ics will be cons ide red , 
p re fe rence will be g i ven to the a r e a s of unde rg round phys i cs , 
ultra-high e n e r g y cosmic rays , and m u l t i - T e V g a m m a - r a y s . 

T h e P h y s i c s Depar tment has st rong resea rch g roups in high e n e r g y 
exper iment and theory , nuc lear expe r imen t and theory , nuc lear 
as t rophys ics , and theoret ical par t ic le-ast rophys ics. T h e Depar tment 
of A s t r o n o m y has a st rong over lap with t hese g roups . T h e P h y s i c s 
Depar tment a lso has excel lent suppor t facilities for exper imenta l 
r esea rch including its o w n electronic and mach ine shops . 

Appl icants shou ld submit a C V , including a list of publ icat ions and a 
brief s ta tement of r esea rch interests, and a r range to h a v e at least 
t h ree let ters of r e f e r e n c e sen t s e p a r a t e l y . T o a c h i e v e full 
cons iderat ion, all mater ia ls shou ld be rece i ved by March 15, 1999. 
S e n d all c o r r e s p o n d e n c e to: 

P r o f e s s o r Ter ry Walker , Cha i r 
E x p e r i m e n t a l P a r t i c l e - A s t r o p h y s i c s Search C o m m i t t e e 

D e p a r t m e n t o f P h y s i c s , The O h i o State U n i v e r s i t y 
174 W e s t 18th Ave . , C o l u m b u s , OH 43210. 

The Ohio State University is an equal opportunity/affirmative action employer. 
Qualified women, minorities, Vietnam era veterans, disabled veterans, and 

individuals with disabilities are encouraged to apply. 

Bergoz Instrumentation has job opportunities 
at its new facility in Saint-Genis, r\ 
France, 2 km from CERN 
SENIOR ENGINEER ^ ^VL^S 

Task: design / develop new beam diagnostics 
Solid background in analog electronics design 
Occasional travel abroad for short periods 
Age, sex, indifferent. Any nationality 
2-year contract leading to permanent contract 
Excellent growth opportunity for candidates 
with managerial skills 

f WWW.BERGOZ.COM 1 
ELECTRONICS TECHNICIAN V ) 
In charge of an instruments product range, from manufacturing 
to testing and calibration 
5 years experience. Analog electronics background an advantage 
Occasional travel abroad for short periods 
Age, sex, indifferent. Only European nationals may apply. 
Permanent contract 
Mail application with full job history to: 
Julien Bergoz, 01170 Crozet, France Instrumentation 

URGENT RECRUITMENT NEEDS? 
Reach a global audience immediately with CERN Courier's Internet 

options. Recruitment advertisements are on the Web within 
24 hours of booking and then also sent to e-mail subscribers. 

Call +44 (0)117 9301031 for more details 

mailto:mont@frial.gov
http://www.fnal.gov
http://www.bergoz.com


MICHIGAN STATE 
U N I V E R S I T Y 

TENURE TRACK FACULTY 
POSITION IN NUCLEAR PHYSICS 
MICHIGAN STATE UNIVERSITY 

The Department of Physics and Astronomy is seeking outstanding 
candidates to fill a tenure-track position in experimental nuclear 
physics, nuclear astrophysics, accelerator physics, fundamental 
interactions or another field related to nuclear physics. Candidates 
must exhibit unusually high promise for excellence in both teaching 
and research. The successful candidate will be a member of the 
Department of Physics and Astronomy with a joint appointment in 
the National Superconducting Cyclotron Laboratory (NSCL), where 
he/she is expected to develop a strong research program. The 
present unique research opportunities offered by a variety of 
projectiles and by modern equipment will be enhanced when the 
ongoing Coupled Cyclotron upgrade is completed in 2001. 

The intensities of radioactive beams, for example, will be increased 
by several orders of magnitude. The NSCL offers many 
opportunities for collaborative research, with assistance from an 
expert technical staff. There is also a tradition of frequent 
interaction with the nuclear theorists in the Department. The 
position is expected to be filled at the assistant professor level, but 
a higher level will be considered in an exceptional case. 

Applicants please send a resume, including a list of publications, and the 
names and addresses of at least three references to P r o f . R a y m o n d 
B r o c k , C h a i r m a n , D e p a r t m e n t o f Physics a n d A s t r o n o m y , 
M i c h i g a n S t a t e U n i v e r s i t y , East L a n s i n g , M l 48824-1 I 16. 

Michigan State University is an Affirmative Action/Equal Opportunity 
institution. Women and minority persons are especially encouraged 
to apply. 

F A C U L T Y P O S I T I O N 
T H E U N I V E R S I T Y O F T E X A S A T A U S T I N 
The Department of Physics at The University of Texas at 
Austin is seeking candidates for a tenure-track position starting 
September, 1999. This is a teaching and research position. The 
successful candidate will assume full teaching responsibilities for 
undergraduate and graduate courses in the Department of 
Physics and will also conduct a vigorous research program. 
Excellent English language communication skills are 
required. Applicants must have a Ph.D. (or equivalent) and a 
demonstrated potential for excellence in teaching and research. 
Preference will be given to candidates with a strong 
postdoctoral research record. In exceptional cases, 
appointment with tenure will be considered. Areas of 
particular interest to the Department include experimental 
particle physics and the new physics made accessible by 
ultrafast laser sources. Interested applicants should send a 
curriculum vitae, a list of publications, a statementof research 
interests, and at least three letters of reference to Professor 
K e n n e t h W . G e n t l e , C h a i r m a n , D e p a r t m e n t o f 
Physics, R L M 5.208, T h e U n i v e r s i t y of T e x a s at A u s t i n , 
A u s t i n , T X 78712-1081. 

The University of Texas at Austin is an Equal Opportunity/Affirmative Action Employer. 

LEAP AHEAD OFTHE REST.. .PLACE YOUR RECRUITMENT 
MESSAGE IN FRONT OF A QUALIFIED AUDIENCE 

CERN Courieroffers you penetration into the world's major science sites and access to an 
international community of top scientists and engineers. 

CERN Courieroffers you the opportunity to not only fill your vacancy, but also to promote 
the research of your department and your Institution to a worldwide qualified audience. 

Browse our Web site http://wvwv.cerncourier.com for further information 
or contact Chris Thomas: 

Tel: +44 (0) 117 9301031 Fax:: +44 (0) 117 9301178 
E-mail: chris.thomas@ioppublishing.co.uk 

_ 

E 5 I I D a r m s t a d t 

D I S P L A Y A D I N D E X 

A m p t e k l n c . 1 2 

A v e n t i s 2 4 

B e r g o z 2 4 

B r u s h W e l l m a n 3 2 

C e r a m a s e a l 3 3 

F . u . G . E I e k t r o n i k G m b H 2 4 

F u j i k u r a E u r o p e L t d I F C 

G o o d f e l l o w C a m b r i d g e L t d 1 2 

H a m a m a t s u P h o t o n i c s K K O B C 

H i g h E n e r g y P h y s i c s ' 9 9 1 6 

H i t e c P o w e r P r o t e c t i o n 2 8 

L e d a - M a s s / S p e c t r a I n t e r n a t i o n a l 1 6 

M a x w e l l T e c h n o l o g i e s E n e r g y P r o d u c t s 6 

N o e l l - K R C E n e r g i e - u n d U m w e l t t e c h n i k G m b H I B C 

P a r t i c l e A c c e l e r a t o r C o n f e r e n c e ' 9 9 2 0 

S p r i n g e r V e r l a g 1 0 

S t r u c k I n n o v a t i v e S y s t e m e G m b H 1 4 

V A T V a c u u m P r o d u c t s 8 

W e k a A G 2 0 

a laboratory for heavy ion research of fers a 

D o c t o r a l P o s i t i o n in A c c e l e r a t o r P h y s i c s 

T h e appl icant will he lp to e x p a n d t he s c o p e of Schot tky M a s s 
Spec t rome t r y (SMS) at the exper imenta l s t rorage ring E S R 
towards v e r y short- l ived nucle i . T h e a im of the new deve lopmen t 
is the high-accuracy, non-dest ruct ive m e a s u r e m e n t of the 
revolut ion f r equency of s ingle ions circulat ing in the E S R . 
Nuclei of ast rophys ica l interest a re a m o n g the object ives. 

S h e / h e will des ign , cons t ruc t a n d test a n rf resonator pick-up, 
a n d per fo rm first expe r imen ts . T h e ability to dig deeply into t he 
var ious aspec ts of acce lera tor phys ics a n d rf eng ineer ing is 
requi red. In return w e offer t he oppor tun i ty to get acqua in ted 
wi th state-of-the-art exper imenta l tools in a appl icat ion-
or ientated env i r onmen t at o n e of the wor ld 's leading heavy ion 
research facil it ies. 

For fu r the r in format ion p lease contact : f .no lden@gs i .de 
Appl icat ions shou ld be submi t ted not later t han February 20 , 
1999 , to 

GESELLSCHAFT FUR SCHWERI0NENF0RSCHUNG MBH 
PERSON ALABTEI LUNG 
PLANCKSTR. 1 
6 4 2 9 1 DARMSTADT 

http://wvwv.cerncourier.com
mailto:chris.thomas@ioppublishing.co.uk
mailto:f.nolden@gsi.de


People 

C E R N ' s n e w Di rector Gene ra l L u c i a n o M a i a n i 
rece ives t he deg ree of Doc to r Hono r i s C a u s a of 
St Pe te rsbu rg S ta te Univers i ty , R u s s i a , f r o m 
Rec to r Ludmi la Verb i t skaya in recogn i t i on of his 
d is t ingu ished cont r ibu t ions to theore t i ca l 
phys ics , inc lud ing the pred ic t ion of t he 
ex i s tence of c h a r m e d par t ic les a n d his w o r k on 
the t h e o r y of w e a k in terac t ions. T h e a w a r d w a s 
par t of the cen tena ry ce lebra t ions o f t he b i r th of 
V lad im i r Fock dur ing a spec ia l c o m m e m o r a t i v e 
sess ion on 21 D e c e m b e r 1998. Prof . Fock 
c rea ted S t Pe te rsbu rg ' s D e p a r t m e n t of 
Theo re t i ca l Phys ics a n d w a s assoc ia ted w i th t he 
un ivers i ty for more than half a cen tu ry , du r ing w h i c h t ime he p ionee red impor tan t n e w 
m e t h o d s in theore t ica l phys ics s u c h as Fock s p a c e and the H a r t r e e - F o c k m e t h o d . 

Fo rma l fa rewe l l s to ou tgo ing D i rec to r 
Gene ra l C h r i s L l e w e l l y n S m i t h ( le f t ) 
at t he mee t i ng of C E R N ' s gove rn ing 
body, Counc i l , in D e c e m b e r pa id 
t r ibu te to his leadersh ip in m a k i n g the 
L H C h a p p e n and in ex tend ing t he 
pro jec t to wo r l d s ta tus . In recogn i t ion 
of th is ro le , D e p a r t m e n t of E n e r g y 
A s s o c i a t e D i rec tor for H igh E n e r g y a n d 
Nuc lea r Phys ics Peter R o s e n , on beha l f 
of U S S e c r e t a r y of Ene rgy Bill 
R i c h a r d s o n , p resen ted t he ou tgo ing 
D i rec to r Gene ra l w i th the D O E ' s 
D is t i ngu ished Assoc ia te A w a r d . 
L lewe l lyn Sm i th is now Provos t of 
L o n d o n ' s Un ivers i ty Co l lege . 

v 1 
.cast" 

Russ ian Min is ter of Sc ience a n d T e c h n o l o g y M i k h a i l K i r p i c h n i k o v ( r i gh t ) at C E R N on 
21 N o v e m b e r w i th ( r igh t to lef t ) C M S e x p e r i m e n t s p o k e s m a n Miche l Del ia N e g r a , sen io r 
m in is t ry spec ia l is t O leg Pa ta rak in a n d ITEP Pro tv ino D i rec to r Ana to l y Logunov . 

Prizes and awards 
• J a c q u e s Segu ino t of the Col lege de France 
a n d T o m Y p s i l a n t i s of C E R N and Bo logna 
share a spec ia l prize of the Soc ie te f rangaise 
de phys ique for their cont inual innovat ive work 
in the f ield of part ic le detectors , in part icular 
for the concep t ion and deve lopmen t of the 
Ring Imaging Cherenkov ( R I C H ) techn ique for 
part icle indent i f icat ion. 
• Kar l -Ludwig Kratz of Mainz, dr iv ing force 
beh ind the nuc lear as t rophys ics p rog ramme 
at C E R N ' s I S O L D E on- l ine isotope separator , 
w ins the 1999 A C S A w a r d in Nuc lear and 
Rad iochemis t ry . 
• O n 4 N o v e m b e r J o h a n n Bienlein of D E S Y 
w a s m a d e pro fessor honor is causa at the 
H e n r y k N iewodn iczansk i Institute of Nuc lear 
Phys ics , Cracow, P o l a n d . T h e honour w a s a lso 
bes towed on D E S Y Director Bjoern Wi ik on 9 
January . 

Hyff j 

\ • 

Johann Bienlein of DESY (left) receives his 
diploma of professor honoris causa from H 
Hrynkiewicz, Chairman of the Scientific 
Council of the Institute of Nuclear Physics, 
Cracow, Poland (centre). K Rybicki (right) 
gave the "la udatio". 

CERN elections and 
appointments 
At the meet ing of C E R N ' s govern ing body, 
Counc i l , in December , G Ka lmus (Ruther ford 
App le ton Laboratory , UK) w a s appo in ted 
Cha i rman of C E R N ' s Scient i f ic Policy Commi t 
tee for one year f rom 1 J a n u a r y 1999. DTr ines 
( D E S Y ) , S Ozaki ( B r o o k h a v e n ) , A Golutv in ( ITER 
M o s c o w ) and J Fel tesse ( C E A , F rance) were 
e lected m e m b e r s of the Scient i f ic Policy C o m 
mittee for three years f rom 1 J a n u a r y 1999. 

J Van der B o o n , prev ious ly Head of Person
nel at N W O ( the Ne ther lands Organizat ion for 
Scient i f ic Resea rch ) in T h e Hague , has been 
appo in ted as Leader of C E R N ' s Personnel 
Div is ion for th ree years f rom 1 Apri l 1999. 
From 1 J a n u a r y to 31 March W Blair will run 
the div is ion ad interim. 
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People 

Nicholas Kemmer 
1911-98 
Nicho las Kemmer ' s legacy to phys ics w a s his 
m o n u m e n t a l work in the late 1930s on the 
appl icat ion of the charge i n d e p e n d e n c e of 
nuc lear fo rces using the new idea of isotopic 
sp in , wh ich led to his predict ion of the neutral 
p ion , the first examp le of the predic t ion of a 
part icle using a s y m m e t r y pr incip le. 

K e m m e r had an ex t raord inary in ternat ional 
background - born in Tsar is t Russ ia and e d u 
ca ted initially in the UK and then in Germany , 
eventual ly mov ing to Got t ingen, the crad le of 
m o d e r n q u a n t u m mechan i cs , t hen Zu r i ch , 
where he wen t on to work wi th Pauli at the 
E T H , and London . D u r i n g W o r l d War II he 
worked at Cambr idge , and after a spel l in 
Montrea l re turned after the w a r to Cambr i dge , 
whe re he nur tured a generat ion of new t h e o 
retical phys ics research ta lent at a va luab le 
t ime. In 1953 he moved to Ed inburgh to 
inherit Max Bom 's chair. 

Meetings 
• T h e XVth Part icles and Nucle i In ternat ional 
Con fe rence (PANIC) will be held in U p p s a l a , 
S w e d e n , f rom 10-16 J u n e . 
S e e " h t t p : / / w w w . t s l . u u . s e / p a n i c 9 9 " or 
e-mai l " pan i c99@ts l . uu . se " . 
• A Workshop on Polar ized Protons at High 
Energ ies - Acce lera tor Cha l lenges and Phys ics 
Oppor tun i t ies - will be held at DESY, H a m 
burg, G e r m a n y f rom 17-20 May, cover ing both 
acce lera tor physics and spin phys ics in polar
ized scat ter ing. 
Secretar ia t : H H a e r t e l / h e r a s p i n , D E S Y ; 
" h e r a s p i n @ d e s y . d e " ; " h t t p : / / w w w . d e s y . d e / 
he rasp in " . 

Late news... 
T h e heav iest e lement yet d i scove red , wi th 114 
protons per nuc leus, has been syn thes i zed by 
a t e a m led by Yuri Oganess ian at the Flerov 
Labora to ry for Nuc lear P rob lems, Jo in t Insti
tute for Nuc lear Resea rch , D u b n a , near 
Moscow. Wi th 175 neut rons , the nuc leus sits 
comfor tab ly on a long-pred ic ted " is land of 
stabi l i ty" and has a half-l i fe of 30 s e c o n d s . In 
c o m p a r i s o n , nuc leus 112, d i scovered in 1996 
at the GSI heavy ion laboratory, Da rms tad t , 
decays in less than a t housand th of a s e c o n d . 
Nuc leus 113 has yet to be d i scove red . 

Prominent nuclear physicist becomes 
Japanese Education and Science Minister 

A prominent nuclear theorist and the former 
president of the University of Tokyo, Prof. 
Aklto Ah ma, Japan's new Minister of 
Education and Science in Japan, was 
welcomed by many Ministry employees on 
his first day at his new job. 

Prof. Aki to A r i m a , fo rmer pres ident of the 
Univers i ty of Tokyo and a prominent nuc lear 
theor ist , has been appo in ted Minister of E d u 

ca t ion , Cul ture, Spor t and Sc ience in the new 
J a p a n e s e cabinet . He is well known wor ldw ide 
for his contr ibut ion to the shel l mode l of the 
a tomic nuc leus . 

A s the pres ident of the Universi ty of Tokyo , 
he re-es tab l ished relat ions be tween univers i 
t ies and the g o v e r n m e n t and revital ized 
J a p a n e s e univers i t ies. After retiring f rom the 
Univers i ty of Tokyo , he s e r v e d as pres ident of 
the R IKEN Insti tute of Physical and Chemica l 
Research and as sc ience adv isor to the E d u 
cat ion Minister. He also played impor tant roles 
in many gove rnmen t counc i ls for nat ional 
educat ion and basic research . 

In his new posi t ion he receives proposa ls 
f rom counc i ls and makes dec is ions abou t not 
only h igher educa t ion and basic research , but 
also na t ionwide educa t i on , culture and even 
spor t . A l though his new responsibi l i t ies are 
w ide , his prev ious exper ience covered mos t of 
t h e m . He is a lso a well known poet. 

It is the first t ime in J a p a n e s e history that a 
nuc lear physicist , even a scient ist , a s s u m e s 
the nat ion's top posi t ion in educa t ion , cul ture, 
spor t and sc ience . We lcoming this move , 
many sc ient is ts in J a p a n see it promis ing well 
for basic research . 

Long t ime CERN Courier Adve r t i s i ng 
M a n a g e r a n d Produc t ion Ass i s tan t 
M i c h e l i n e F a l c i o l a t ook a we l l -ea rned 
re t i remen t at the end of 1998. CERN 
Courier adver t i s ing is now hand led by 
the Inst i tute of Phys ics Pub l ish ing, 
Br is to l , UK . For con tac ts see the mast 
head on page 3 . 

A d m i r i n g a mode l of t h e C M S expe r imen t for 
C E R N ' s L H C col l ider a re ( le f t to r igh t ) : LI 
W e i g u o , Depu ty D i rec to r of the Ch inese Inst i tute 
of H igh Ene rgy Phys i cs ; W A N G Na i yan , V i ce 
Pres iden t of t he C h i n e s e Nat iona l Natura l Sc i 
ence F o u n d a t i o n ; S H A O L iq in , V i ce Di rec tor 
G e n e r a l , D e p a r t m e n t of Bas ic R e s e a r c h , M in
istry o f S c i e n c e s a n d T e c h n o l o g y ; Q I A N Si j in of 
C E R N a n d W i s c o n s i n ; M iche l Del ia N e g r a , C M S 
S p o k e s m a n ; Z H A N G K a n , D i rec tor G e n e r a l , 
B u r e a u of In ternat iona l C o o p e r a t i o n , Ch inese 
A c a d e m y of S c i e n c e s . 
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The Power of the Sun 
Your partner for magnet engineering 

Nuclear fusion has kept the sun 
shining for billions of years. This 
process is now being reconstructed 
on earth in a reproducible manner 
and under controlled conditions with 
a v iew to solving pressing energy 
problems. 

After a period of extensive devel
opment work on superconducting 
magnets, major components in 
nuclear fusion plants, Noell-KRC 
Energie- und Umwelttechnik G m b H 
has gathered vast experience in 
pioneering magnet engineering over 
many years. This is exemplified by 
the successful industrial manufacture 

of the W 7 - X demo coil - a milestone 
in the development of nuclear fusion 
plants. 

It is due to this know-how that 
Noel l-KRC, as the lead management 
company of a consortium, was 
awarded the largest contract in the 
wor ld to date for the development 
and production of 50 non-planar 
superconducting magnets. They are 
required for the Wendelstein 7-X 
plasma experiment, which is 
currently being set up in G re i f swa ld / 
Germany. 

In addition to these magnets, 
Noell-KRC is developing and manu
facturing dipole magnets for LHC as 

well as magnet components for the 
nuclear fusion experiments JET and 
ITER. O n e more reason to talk to us 
about magnet engineering. Just call 
us. 

Noell-KRC Energie- und 
Umwelttechnik GmbH 
D-97064 Wurzburg 
Germany 
Telephone: +49-931-903-1825 
Telefax: +49-931-903-1062 
Internet: http:/ /www.noel l .de 
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http://www.noell.de


Breakthrough PMT Innovation 
Getting Ready For The Year 200 
It's almost here. The next century PMT is almost on the scene. It's a new flat-shaped, 
super-thin light sensor called the "Flat Panel PMT". Innovative features 
of this new Flat Panel PMT include multielement connections 
and a large sensitive area guaranteed to open 
the door to dramatic scientific advances 
in the 21st Century. 

I t c o m p a r e s w i t h a H P K 2 " d i a m e t e r 
h e a d - o n p h o t o m u l t i p l i e r t u b e . 
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