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NEWS 

KEK: initial B for BELLE 
ft 

The Japanese KEKB electron-positron collider. This picture shows the injection point of the 
electron beam. From the right, 8 GeV electrons arrive through the beamline with light-green 
dipole and orange quadrupole magnets, and enter the high-energy ring with blue 
quadrupole magnets. A couple of ARES radiofrequency accelerating cavities for the low-
energy 3.5 GeV positron ring are also visible. KEKB is in the 3 km tunnel, which formerly 
housed the TRISTAN electron-positron collider. 

The BELLE 
detector at the 
collision point of 
the KEKB collider. 
The endplates 
remain open while 
a technician works 
on the control box 
of the cryogenic 
quadrupole 
magnet for the 
final focus. 

On 1 June , after five years of planning and five 
years of construct ion, the BELLE detector 
recorded its first B meson events at the KEKB 
electron-posi t ron B-factory i nTsukuba , J a p a n . 
During this first run, all BELLE sys tems were 
active, including the electron-identif ication 
sof tware, which saw a CP-violat ing candidate 
decay into a J / p s i and a short- l ived kaon, with 
the former producing an electron-posi t ron 
pair.This marks the real start of the KEKB 
factory and its quest to investigate the puzzle 
of CP violat ion. 

The KEKB collider is an energy-asymmetr ic 
collider, its two rings handl ing 3.5 GeV 
positrons and 8 GeV electrons in the old 3 km 
TRISTAN tunne l .The injection linac was 
upgraded from that used fo rTRISTAN and was 
ready long before the commiss ion ing of the 
rings began last December. 

Beams were first stored in the electron ring 

( H E R ) on 13 December and in the positron 
r i n g ( L E R ) on 14 January. After several inter
ruptions, scheduled and unscheduled, the 
stored currents rose to 500 mA, cor respond
ing to 20 and 50% of the designed values of 
LER and HER respectively, by mid-Apri l . 

The limiting factors are currently believed to 
be radiofrequency power for HER and vertical 
beam blow-up due to a mult ibunch instability. 
Of the two major unscheduled breaks experi
enced so far, the first was provoked by a false 
fire a larm in the tunne l .The second came 
when a spot of the vacuum chamber was 
melted by synchrotron radiation from the final 
focusing quadrupole during trials of a large 
angle bump orbit. The chamber was quickly 
replaced with one of heat-resistant design. 

Commiss ion ing was halted from 1 May for 
the installation of the BELLE detector, which 
crept into the collision point at a speed of 

0.5 m / m i n , taking about 30 min to complete 
the " long trip". Beam tuning resumed on 25 
May and coll isions were achieved on 1 June . 

Initially, currents in both beams were kept 
below 20 mA to guard against radiation d a m 
age to the BELLE detector 's sil icon vertex 
detector. Beam currents have subsequent ly 
been increased to more than 100 mA. 

Prior to establ ishing coll isions, a potentially 
harmful 0.45 Hz vertical beam vibration was 
observed in the low-energy positron r ing.This 
was tracked down to tiny magnet ic fields 
produced by current leads running between 
the power supply and the main ring of KEK's 
12 GeV proton synchro t ron .These leads pass 
through a channel above the KEKB tunnel 8 m 
from the beam pipes. 

The proton synchrotron is currently 
providing a neutrino beam directed at the 
Super -Kamiokande detector, 250 km distant, 
for the high-priority K2K experiment, which is 
searching for conf i rmatory evidence for the 
neutrino oscil lations reported by the Super-K 
group last year. 

Fortunately for BELLE, KEKB's first t ime slot 
for e lectron-posi t ron coll isions coincided with 
a maintenance day for the proton synchrot ron, 
resulting in the successful test run of 1 June 
The t roublesome stray fields have since been 
reduced substantial ly by reconfiguring the 
proton synchrotron 's power leads. 

In addit ion to providing BELLE data, the 
successful test run verifies a number of novel 
KEKB design features - the finite-angle beam 
crossing did not result in beam-destroying 
synchro-betat ron oscil lations, and the growth 
t imes of the instability due to fundamental 
mode shifts in the A R E S energy storage radio-
f requency cavit ies were longer than the 
natural damping t imes of the storage rings. 

KEKB has achieved stable coll isions with 
design values of s ingle-bunch cur rents .The 
next goal is to increase the number of 
bunches and boost the luminosity towards the 
design figure of 1 0 3 4 c m 2 s " 1 . As the number 
of ampere-hours of integrated beam current in 
the machine increases, the vacuum in the 
beam pipe cont inues to improve and back
ground condit ions in the BELLE detector 
decrease. 

Currently the luminosity is est imated to be 
2 x 1 0 3 1 c m - 2 s~ \ with tens of hadron events 
col lected every few hours.This performance 
should soon increase and open up a rich 
programme of studies of B meson decays to 
probe the puzzle of CP violat ion. 
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NA48 measures direct CP violation 

The liquid krypton calorimeter of the NA48 experiment plays a vital role in precision 
measurements of CP violation. The calorimeter's cryostat was built by Krunichev Industries, 
Moscow, and uses 22 tonnes of krypton from Russia - an arrangement organized through 
the International Science and Technology Center. 

With a first result a n n o u n c e d f rom a major 
exper imen t at C E R N , 1999 looks like be ing a 
v in tage year for the m e a s u r e m e n t of CP v io la 
t ion - the effect that enab les nature to 
di f ferent iate be tween mat ter and ant imatter. 

Earl ier this year, the KTeV expe r imen t at 
Fermi lab (CERN Courier Apri l p5 ) con f i rmed 
that CP is v io la ted "d i rect ly" in the w a y quarks 
decay and t rans form into each o the r .The new 
result f rom the N A 4 8 exper imen t at C E R N 
under l ines this direct CP v io lat ion and pro
v ides a va luab le new benchmark . 

CP v io la t ion, wh ich is vital to our under 
s tand ing of part icle interact ions and of the 
evolut ion of the un iverse in the w a k e of the 
Big Bang , is difficult to unde rs tand , hard to 
s tudy and awkward to m e a s u r e . 

In 1956, physic ists were s h o c k e d to d is
cover that the w e a k force can di f ferent iate 
be tween right and left .To re impose order on 
their theor ies , physic ists in t roduced 
cha rge /pa r i t y ( C P ) s y m m e t r y , in wh ich phys ics 
shou ld remain the s a m e if a le f t -handed 
part icle changes into a r igh t -handed ant ipar t i -
c le , and so o n . 

For CR the neutral kaon plays a spec ia l role. 
For CP purposes , this part ic le has to c o m e in 
two fo rms : long- l ived, decay ing into th ree 
p ions; and shor t - l i ved, decay ing into two 
p ions. In 1964, physic ists rece ived ano the r 

shock w h e n Chr i s tenson , Cron in , Fitch and 
Tur lay d iscovered at B rookhaven that long-
l ived kaons can also decay into two p ions. CP 
s y m m e t r y is not exact . 

T h e r e are two ways in wh ich this can hap 
pen . In the first, the long- l ived kaon is a 
mixture of q u a n t u m states, main ly C P - o d d 
wi th jus t a smal l a m o u n t of C P - e v e n . In add i 
t ion , CP cou ld also be v io la ted in the actual 
quark react ions under ly ing the part icle t rans
fo rmat ions . In the decay of the neutral kaon , a 
s t range quark sl ips off the m a p , p roduc ing 
p ions c o m p o s e d of on ly up and d o w n quarks . 
CP v io lat ion v ia this route is cal led "d i rect" . 

To estab l ish whe the r such direct CP v io la 
t ion h a p p e n s , physic ists have to c o m p a r e two 
ratios: that of long- l ived kaons decay ing into 
two neutral p ions with those going into two 
charged p ions and the equ iva lent ratio for 
shor t - l i ved kaons . If t hese two ratios do not 
tal ly exactly, direct CP vio lat ion h a p p e n s . 
Quark ef fects contr ibute to CP v io la t ion. 

For severa l years the results f rom two major 
e x p e r i m e n t s - N A 3 1 at C E R N and E731 at 
Fermi lab - cou ld not be reconc i l ed .The fo rmer 
gave the d i f ference of the ratio of ratios f rom 
unity (d iv ided by a convent iona l numer ica l 
fac tor ) of 2.3 ± 0.65 x 10" 3 T h e latter gave a 
m u c h smal le r f igure, compat ib le wi th ze ro . 

Does direct CP vio lat ion happen or not? To 

resolve the d i l e m m a , new s tud ies were b e g u n . 
T h e ear ly CP v io lat ion exper imen t at C E R N 
had m a d e sepa ra te runs wi th long- l ived and 
shor t - l i ved kaons , leaving the door open to 
poss ib le changes c reep ing in f rom one run to 
the next. Both recent exper iments o v e r c a m e 
this by using s imu l t aneous b e a m s of long-
and shor t - l i ved kaons and tak ing data on 
charged and neutral p ion product ion by both 
kaon b e a m s at the s a m e t ime. Earl ier this 
year, KTeV at Fermi lab repor ted a va lue of 
2.8 ± 0.41 x 10" 3 in tune wi th the earl ier 
C E R N m e a s u r e m e n t , but a bit on the high 
s ide , wh ich surpr ised s o m e p e o p l e . T h e new 
result f rom N A 4 8 is 1.85 ± 0.73 x 10~3 

T h e N A 4 8 f lagsh ip exper imen t provid ing the 
new m e a s u r e m e n t is a major research invest
ment . Instal led in C E R N ' s h ighest- in tensi ty 
proton beaml ine it uses a large and soph is t i 
ca ted detector. S o m e of the C E R N protons go 
to make long- l ived kaons , and the remain ing 
part ic les are bent by a crysta l and used to 
make a paral lel b e a m of shor t - l ived kaons . In 
th is w a y the pro tons g iv ing birth to shor t - l ived 
kaons are " t a g g e d " and the two var iet ies of 
kaons are c lear ly d i f ferent iated, even though 
they eventua l ly decay in the s a m e way. 

Decays into charged p ions are m e a s u r e d by 
a magnet i c spec t rometer , whi le the pions f rom 
the neutral p ions are p inpo in ted by the pr ide 
of the exper imen t - a spec ia l l iquid k rypton 
ca lor imeter wi th better than 1% energy reso lu 
t ion and s u b n a n o s e c o n d t ime resolut ion. 

Hand l ing N A 4 8 data requires a major effort 
in da tap rocess ing power, wi th data f rom all 
de tec tor m o d u l e s be ing p ipel ined to C E R N ' s 
ma in c o m p u t e r cent re v ia a ded ica ted fast 
l i nk .The N A 4 8 result c o m e s f rom data taken 
in 1997 and will be abou t 10% of the total 
a m o u n t of data that the exper imen t expec ts to 
accumu la te in th ree years of running. 
However , even th is initial s a m p l e a m o u n t s to 
a lmos t 5 mil l ion kaon decays into pairs of 
p ions, more t h a n l mil l ion of t h e m being 
decays of long- l ived kaons into pairs of p ions, 
the direct d e s c e n d a n t of the handfu l of events 
s e e n in 1964 that es tab l ished CP vio lat ion as 
a phys ics p h e n o m e n o n . 

CP v io lat ion has still on ly been s e e n in the 
decays of neutral kaons . However new exper i 
men ts are set t ing out to m e a s u r e CP v io lat ion 
v ia new routes. 
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NEWS 

Jefferson free-electron 
laser exceeds kilowatt 
On 15 July in Newport News, Virginia, 
Jefferson Lab's free-electron laser (FEL) pro
duced infrared light at a wavelength o f3 .1 | jm 
and 1.72 kW average power, thereby exceed 
ing the kilowatt design goal. No FEL has 
previously exceeded 14 W. 

The infrared Demo FEL is the first in a series 
of high-average-power, wavelength- tunable 
FELs being developed at Jefferson Lab for 
basic sc ience, industrial appl icat ions and 
appl ied defence research. FEL deve lopment is 
a spinoff f rom the laboratory 's main mission 
of accelerator-based investigations into the 
quark structure of nuc le i .The superconduct ing 
radiofrequency (SRF) electron accelerator at 
the heart of the FEL is derived from the tech
nology of Jefferson Lab's 6 GeV 
cont inuous-wave main machine. 

In July 's record-sett ing laser operat ion, 
untapped e lect ron-beam energy was recov
ered by recirculating the beam back through 
the driver accelerator for "decelerat ion." T h e 
driver was operated at 4.4 mA and 48 MeV, 
approaching its max imum design power of 
250 kW. Energy- recovery capabil i ty would 
contr ibute significantly to fully developed SRF-
driven FELs ' cost-ef fect iveness. 

Upcoming FEL user exper iments include 

LEP achieves its 
first century 
On 2 August , a decade after the initial c o m 
missioning at 45 GeV per beam, CERN's LEP 
storage ring has coll ided 100 GeV beams of 
electrons and positrons, giving a total energy 
of 200 GeV and a healthy luminosity (a meas
ure of the collision rate) of 6 x 1 0 3 1 c m " 2 s " 1 . 

Th is year, LEP suppl ied coll iding beams 
initially at 96 GeV (CERN Courier Ju ly p5 ) , and 
then at 98 G e V However, the 100 GeV 
per beam figure was always on the cards 
fol lowing the del ivery by LEP of a single 
100 GeV electron beam in a debut 1999 
high-energy run. 
• Full s tory next month. 

The beamline of Jefferson Lab's free-
electron laser. 

sil icon characterizat ion studies (by a group 
f rom Vanderbi l t ) , laser photodeposi t ion 
(Norfolk Sta te) , photoablat ion (Wil l iam and 
Mary ) , po lymer surface modif ication (DuPont ) 
and metal surface modif ication ( A r m c o / 
Virginia Power) . 

Crucial to Jefferson Lab's ongoing FEL effort 
is the suppor t of the US Depar tment of 
Energy, the Office of Naval Research, the 
Commonwea l th of Virginia and industry and 
university partners in the Laser Processing 
Consor t ium. 

RHIC gold particles 
complete lap of ring 
On 16 July, a beam of gold nuclei circulated 
one of the two rings of Brookhaven's 
Relativistic Heavy- Ion Collider (RHIC) for the 
first t ime. 

Equipped with superconduct ing magnets , 
the mach ine operates at 4.6 K. After several 
"min i - ramp" cycles to test the beam-acceler
ating sys tem in the first (b lue) ring, the 
second (yel low) ring was powered in prep
aration for in ject ion.The purpose of this 
commiss ion ing phase is to accelerate beams 
in both rings for coll isions. After commis
sioning, the RHIC research programme proper 
is schedu led to begin in November this year. 
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Beijing tests complete j 
precision measurement h 
T h e B E S II s p e c t r o m e t e r at the Bei j ing e lec 
t r on -pos i t r on col l ider ( B E P C ) has c o m p l e t e d 
a m e a s u r e m e n t of had ron p roduc t ion rates 
over the 2 - 5 G e V e n e r g y range wh i ch is v a l u 
ab le input for S t a n d a r d Mode l ca lcu la t ions . 

T h r e e vital input pa rame te r s in the e lec -
t roweak sec to r of the S t a n d a r d Mode l are a , 
t he e lec t romagne t i c coup l ing s t reng th (wh ich 
d e p e n d s on e n e r g y ) , the Fermi cons tan t of 
w e a k d e c a y and the m a s s of the Z b o s o n - the 
neutra l carr ier of the w e a k fo rce . 

To test the S t a n d a r d M o d e l , t he e l ec t romag
net ic coup l ing s t rength has to be eva lua ted at 
t he Z r e s o n a n c e . T h e LEP m e a s u r e m e n t s of 
t he Z m a s s are of s u c h high qual i ty tha t now 
the er ror on the coup l ing s t rength is a l imit ing 
fac tor in tes ts of the S t a n d a r d M o d e l . Its 
accu ra te de te rm ina t i on of a is crit ical for t he 
indirect de te rm ina t ion of the m a s s of the 
H iggs part ic le. A more accu ra te va lue na r rows 
the m a s s w i n d o w for H iggs part ic le s e a r c h e s . 

Of par t icu lar impo r tance in the ex t rapo la 

t ion of a is the hadron ic cont r ibut ion to the 
v a c u u m , s u c h as v i r tual qua rk -an t i qua rk 
pairs, wh i ch c a n n o t be ca lcu la ted rel iably but 
can be re la ted to a fac tor known as R - the 
ratio of had ron to m u o n pair p roduc t ion in 
e lec t ron -pos i t ron ann ih i la t ion . Uncer ta in t ies 
in the m e a s u r e d va lues of R in the 2 - 5 G e V 
e n e r g y range cont r ibute to the error in a . 

Af ter the first R s c a n in spr ing 1998 , the 
B E S co l labora t ion pe r fo rmed a f iner s c a n in 
the 2 - 5 G e V ene rgy region - a lmos t the 
e x t r e m e s of ene rgy region tha t the B E P C can 
c o v e r . T h e s c a n began in F e b r u a r y a n d f in 
ished in ear ly J u n e . Da ta were taken at 
85 e n e r g y po in ts .To sub t rac t b a c k g r o u n d , 
s e p a r a t e d b e a m runs were pe r f o rmed at 
26 e n e r g y points , a n d s ingle b e a m runs for 
e lec t ron a n d pos i t ron b e a m s we re car r ied ou t 
at 7 e n e r g y points. Spec ia l runs we re taken at 
the J / p s i r e s o n a n c e to de te rm ine the tr igger 
ef f ic iency a n d cal ibrate the d e t e c t o r . T h e s e 
runs s h o w that the 12- t rack ing- layer ve r tex 

•Sept . beam {R scan 99) 
•Sept. and single beam {R span 99) 
• B E S II (on-line R scan 99) 
• B E S II (R scan 98) • . 
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Comparing hadrons and muon production at 
the BES II spectrometer at the BEPC. 

c h a m b e r , rebui l t f r om the S L A C Mark III e n d -
p la tes a n d be ry l l i um b e a m p ipe, has a spat ia l 
reso lu t ion of a b o u t 100 | jm. 

T h e f igure s h o w s the on- l ine va lues f r om the 
new R s c a n . No te that the detec t ion ef f ic iency, 
the b a c k g r o u n d sub t rac t i on , as wel l as the 
radiat ive co r rec t ions have not been taken into 
a c c o u n t . T h e plot inc ludes the R va lues for 
6 e n e r g y points m e a s u r e d last year. T h e 
u p g r a d e d B E P C , as wel l as the good c o 
opera t ion a n d hard work of the B E P C staff, 
w e r e essent ia l for the s u c c e s s of the s c a n , 
wh i ch con t i nued even th rough the t radi t ional 
C h i n e s e Spr ing Fest iva l . 
Zhengguo Zhao and Frederick A Harris. 

Management practice for the global village 
C E R N ' s cont r ibu t ion to indus t ry is not l imited 
to high t e c h n o l o g y for f ront ier s c i e n c e . 
T h r o u g h the S c a n d i n a v i a n C o D i s C o project , 
t he lab is a lso he lp ing to de f ine m a n a g e m e n t 
pract ice for la rge-sca le d is t r ibuted pro jects . 

C E R N ' s Large H a d r o n Col l ider pro ject 
rep resen ts not on ly the wor ld ' s largest 
sc ient i f ic under tak ing but a lso a un ique 
oppor tun i t y to s tudy pro ject m a n a g e m e n t on 
a g loba l s c a l e . T h e A T L A S a n d C M S 
expe r imen ts , as wel l as the L H C , are co l lab
orat ive pro jects w h o s e m e m b e r s , a n d 
c o m p e t e n c i e s , are d is t r ibuted a r o u n d the 
wor ld a long wi th the supp l ie rs prov id ing 
e q u i p m e n t , s e r v i c e s and raw m a t e r i a l s . T h e y 
prov ide ideal case -s tud ies for t he 
S c a n d i n a v i a n Connec t i ng Dis t r ibu ted 
C o m p e t e n c i e s ( C o D i s C o ) project . 

S o m e c o m p a n i e s have a l ready b e g u n to 
a d a p t to a g lobal marke t -p lace , w h e r e thei r 
supp l ie rs as wel l as their c u s t o m e r s cou ld be 
a n y w h e r e in the w o r l d . I n te rne t -based infor

mat ion s y s t e m s are en joy ing a b o o m as c o m 
pan ies c o m e to rely on t h e m more a n d more 
for d o c u m e n t h a n d l i n g . T h o s e f i rms tha t have 
taken the p lunge repor t s igni f icant sav ings in 
t ime a n d m o n e y after conver t ing f rom t rad i 
t ional p a p e r - b a s e d d o c u m e n t m a n a g e m e n t to 
digital f o rma ts . A l t hough the pape r l ess off ice 
is a lmos t a reality, wi th s o m e th ree -qua r te rs of 
internal d o c u m e n t hand l ing be ing d o n e on 
l ine, c o m p a n i e s still resort to t radi t ional m e t h 
ods for the i r ex terna l c o m m u n i c a t i o n s a n d 
d o c u m e n t hand l ing . 

C E R N is a natural p lace for a d is t r ibuted 
pro ject m a n a g e m e n t s t u d y . T h e phys ics c o m 
mun i ty has a l ready had d e c a d e s to a d a p t 
itself to the real i t ies of work ing wi th large-
sca le d is t r ibuted co l labora t ions . I n d e e d , the 
Wor ld W i d e W e b w a s born out of phys ic is ts ' 
n e e d to c o m m u n i c a t e and sha re in fo rmat ion . 
T h e L H C project , wi th its Eng ineer ing Data 
M a n a g e m e n t S y s t e m , is at the v a n g u a r d of 
th is e m e r g i n g f ield and both the acce le ra to r 

a n d its e x p e r i m e n t s are t ru ly g lobal in na tu re . 
Fund ing for C o D i s C o c o m e s f rom the 

Nord isk Indust r i fond and s e v e n , smal l a n d 
m e d i u m - s i z e d S c a n d i n a v i a n c o m p a n i e s 
wh i ch h o p e to learn f rom the L H C expe r i ence . 
T h e pro ject 's goal is to def ine m e t h o d s a n d 
too ls to integrate a n d exploi t d is t r ibuted 
resou rces bet ter by col lect ing d is t r ibuted 
c o m p e t e n c i e s to f o r m a s ing le , logical , net
w o r k e d entity. C o D i s C o is a two -yea r pro ject 
a n d w a s fo rma l l y i naugura ted wi th a mee t i ng 
at C E R N last S e p t e m b e r . S ince t h e n , th ree 
s t uden t s have b e g u n work on thei r t h e s e s on 
d o c u m e n t m a n a g e m e n t at C E R N . T w o part
ners , Ake r F innyards of F in land and H o n n u n 
og ra>gjof of I ce land , are a l ready test ing an 
In te rne t -based d o c u m e n t - m a n a g e m e n t s y s 
t e m . A s the pro ject m o v e s t o w a r d s its 
c o n c l u s i o n , both indus t ry and the increas ing ly 
g loba l f ie ld of part ic le phys ics s tand to ga in . 

For m o r e in fo rmat ion s e e " h t t p : / / w w w 4 . 
m a s k i n . n t n u . n o / P S 2 0 0 0 / C o D i s C o / " . 
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PANIC99 conference in Uppsala 

mm 
Delegates at the 15th Particles and Nuclei International Conference (PANIC99), which was held in Uppsala, Sweden, on 10-16 June. 

A regular feature of the nuc lear phys ics s c e n e 
is the Part icles and Nuclei Internat ional Conf
e rence ( P A N I C 9 9 ) , wh ich w a s held in 
Uppsa la , S w e d e n on 10 -16 J u n e . A n app ro 
priate s y m b o l for the tu rn-o f - the-mi l lenn ium 
con fe rence w a s a Swed ish rune s tone ca r ved 
a round the last mi l lenn ium change and 
p laced in front of the main bui lding of the 
university. 

T h e first such con fe rence w a s held in 1963 
at C E R N and w a s organized by V ic tor 
Weisskopf , A m o s de Shal i t and Torleif Er icson. 
Five PANIC99 part ic ipants had also part ic i
pated in the first m e e t i n g . T h e con fe rence 
ser ies w a s initially cal led H igh -Energy Physics 
and Nuc lear St ructure, and one of the main 
t h e m e s has been to link nuc lear and h igh-
ene rgy phys i cs .These two disc ip l ines have 
b e c o m e increasingly impor tant in ast ro
phys ics and cosmology , wh ich were g iven 
a d d e d weight in the p rog ramme of PANIC99 . 

T h e first p lenary talk each day w a s 
des igned to under l ine this c ross-d isc ip l inary 
charac ter as well as to s h o w how appl icat ions 
of ins t ruments and me thods are impor tant to 
soc ie ty .The lectures were " W h a t q u a n t u m 
c h r o m o d y n a m i c s tells us abou t na tu re" (Frank 
W i l czek ) , " T h e theoret ical en igma of g a m m a -
ray burs ts" (Mart in R e e s ) , "Cha rged part ic les 
in radiat ion med ic ine" ( G u d r u n G o t e i n ) , " C o r e 
co l lapse in s u p e r n o v a e " ( H a n s - T h o m a s 
J a n k a ) , "Transmutat ion of nuc lear w a s t e " 
(Wac law Gudowsk i ) and " W h e r e in the wor ld is 
the osci l lat ing neu t r ino?" ( Jane t C o n r a d ) . 

Wi lczek w a s the keynote speake r and 
Gote in 's talk w a s ded ica ted to the late Boerje 
La rsson , w h o carr ied out p ioneer work in 
radiat ion surgery and therapy using charged 

Alessandra Filippi and Lutz Bornschein 
receive poster awards from Sven Kullander. 

part ic les in Uppsa la and e lsewhere . 
Of the 600 contr ibut ions, 200 were se l 

ec ted for oral presentat ions in the a f ternoon 
sess ions , wh ich were d iv ided into the fol low
ing topics: real and vir tual photon interact ions 
with nuc leons and nucle i ; m e s o n , nuc leon 
and hyperon interact ions with nuc leons and 
nucle i ; hadron spec t roscopy and s t ructure; 
dense and hot matter ; neutr ino phys ics, 
nuclear and part icle ast rophys ics ; f u n d a 
menta l symmet r i es and the S tandard Mode l ; 
s t rong interact ions in the non-per turbat ive 
reg ion; and exper imenta l techn iques , appl i 
cat ions and facil i t ies for the next mi l lenn ium. 

Highl ights in hadron and photon inter
act ions were summar i zed by H Toki and 
A T h o m a s - two of the convenors of the first 
two sess ions , wh ich were the largest in t e rms 
of n u m b e r of papers . Four contr ibut ions were 
se lec ted as topical talks in the morn ing p len
ary sess ions . C Perdrisat presented precise 
data on the proton electric and magnet ic fo rm 
factor ratio by polar izat ion t ransfer in e lec
t ron -p ro ton scat ter ing at the Jef ferson Lab. 
K Seth repor ted on behal f of the E852 co l lab
orat ion at B rookhaven on the d iscovery of new 

exot ic m e s o n s . J Belz ta lked about new m e a s 
u rements of direct CP violat ion in K decay and 
other recent results f rom Fermi lab 's KteV 
e x p e r i m e n t . A Gill i tzer d iscussed the o b s e r v a 
t ion at GSI Da rms tad t of well resolved nuc lear 
s ta tes. 

Ow ing to the v e r y recent d iscover ies in 
Berkeley and D u b n a of three new e lements 
( see p l 8 ) , K Aleklet t c o m m e n t e d on how they 
were found and their impact on research . 

In addi t ion to the morn ing and a f te rnoon 
parallel sess ions , there were poster p resen ta 
t ions on Friday and Monday .The poster v is i tors 
cou ld vo te for the best poster presented dur
ing each of t hese sess ions . Prizes were 
awarded to A Filippi for the OBELIX col labor
at ion and J B o n n , L Bornsche in , B Degen , 
Ch Kraus, E W Ot ten , H Ulrich and 
Ch W e i n h e i m e r f r o m Mainz for posters on 
s t rangeness product ion and the OZI rule, and 
a s tudy of a sensi t ive spec t romete r for n e u 
tr ino mass m e a s u r e m e n t s . 

T h e p roceed ings of the con fe rence will be 
pub l ished in Nuclear Physics. PANIC99 
s h o w e d that this t ype of event has an impor
tant role to play in br idging different subf ie lds 
of phys ics , wh ich w a s also under l ined by the 
IUPAP C12 m e e t i n g . T h e 16th PANIC confer
ence will be held in J a p a n and will be 
organized by the O s a k a Research Centre for 
Nuc lear Phys ics. 

Dur ing PANIC99 , C E L S I U S / W A S A - a new 
detector facil i ty to be used at the C E L S I U S 
cooler s torage ring - w a s inaugurated at 
Uppsa la 's Svedbe rg Labora tory - a Swed ish 
nat ional facil i ty for acce le ra to r -based 
r e s e a r c h . T h e new facil i ty will be reported on 
in the next issue. 
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Electrons and nuclei meet at HERA 

Simulation of a collision between a high-
energy nucleus and an electron, as would 
be seen by an extension of the programme 
at the HERA collider at DESY, Hamburg. 

T h e H E R A col l ider at DESY, H a m b u r g , has 
been operat ing with proton and e lect ron (or 
pos i t ron) b e a m s s ince it w a s c o m m i s s i o n e d 
in 1 9 9 1 . T h e possibi l i ty of hav ing nuclei in its 
supe rconduc t i ng proton ring e m e r g e d as an 
interest ing opt ion in the 1 9 9 5 - 6 w o r k s h o p 
Future Phys ics at H E R A . 

S u c h an e lec t ron -nuc leus col l ider wou ld 
exp lore ent irely new d o m a i n s of q u a n t u m 
c h r o m o d y n a m i c s ( Q C D ) - the f ield t h e o r y of 
quarks and g luons d e e p inside pro tons and 
nucle i . 

Signi f icant ly larger q u a r k / g l u o n dens i t ies at 
v e r y smal l m o m e n t u m f ract ions carr ied by the 
s t ruck q u a r k / g l u o n wou ld be access ib le c o m 
pared wi th the present e lec t ron -p ro ton 

T h e Labora to ry of Part icle Phys ics ( L P P ) of the 
Jo in t Inst i tute for Nuc lear Resea rch ( J I N R ) , 
D u b n a , Russ ia , is ce lebrat ing its 10th anniver 
sary. T h e lab w a s es tab l i shed to ca r r y out 
exper imen ts in h igh -energy phys ics at the 
mos t a d v a n c e d acce lera tors . Its first d i rector 
w a s Igor S a v i n , w h o played a major role in 
p romot ing part icle phys ics at J I N R . 

T h e ear ly days of the labora tory we re 
marked by its part ic ipat ion in the N A 4 and 

col l is ions in H E R A or in f ixed-target exper i 
ments . Th i s is expec ted to reveal a new Q C D 
d o m a i n , w h e r e the sma l l ness of the coup l ing 
is c o m p e n s a t e d for by a high dens i ty of g lu 
ons , wh ich leads to novel non l inear d y n a m i c s . 

Nucle i a lso prov ide addi t ional hand les to 
s tudy dif fract ion and s h a d o w i n g p h e n o m e n a , 
as well as q u a r k / g l u o n propagat ion th rough 
nuc lear m e d i a , related to co lour p h e n o m e n a , 
in Q C D . T h e nuc leus can also be used as a 
" femtode tec to r " , g iv ing in format ion on 
d y n a m i c s on the sca le of nuc lear d imens ions . 

T h e phys ics and acce lera tor aspec ts of 
e lec t ron -nuc leus col l is ions at H E R A has been 
invest igated over the past th ree years . T h e 
project is cons ide red to be a major fu ture 
di rect ion for nuc lear phys ics - the Nuc lear 
Work ing Group of the O E C D Megasc ience 
F o r u m e n d o r s e d the project as one of th ree 
major d i rect ions for e lec t ron -nuc leus phys ics 
(CERN Courier May p21 ) . 

To pu rsue these efforts further, D E S Y held 
the w o r k s h o p Phys ics wi th H E R A as 
E lec t ron -Nuc leus Col l ider on 2 5 - 2 6 May. 
A b o u t 70 part ic ipat ing theor is ts , e x p e r i m e n 
tal ists and acce lera tor exper ts rev iewed the 
latest deve lopmen ts and exam ined the feas i 
bility in t e r m s of acce lera tor and detec tor 
requ i rements . In the w e l c o m e add ress the 
then D E S Y research director, A lb rech t Wagner , 
e m p h a s i z e d the need for a deta i led eva lua 
t ion of the d iscovery potent ial of the project. 

Rev iew ta lks covered var ious theore t ica l , 
exper imenta l and acce lera tor aspec ts . 
Impor tan t recent deve lopmen ts were a lso 
repor ted in many shor ter ta lks. A n indicat ion 
of the p rob lems w a s g iven by the rev iew 
ent i t led "Par tons , hadrons and 

S M C exper imen ts at C E R N and in the large 
exper imenta l p rog ramme at the 70 G e V acce l 
erator at IHER Protv ino. Now LPP physic is ts , 
h e a d e d by V lad imi r Kekel idze, are part ic i 
pat ing in the C E R N N A 4 8 and N A 5 8 
( C O M P A S S ) exper iments ; the H I , H E R M E S 
and H E R A - B projects at D E S Y ; the S T A R exper 
iment at B r o o k h a v e n ; and the Borex ino 
project at Gran S a s s o . 

T h e LPP physic ists are act ively involved in 

theore t ic ians - mudd l ing th rough the Q C D 
v a c u u m " . 

Never the less , theor is ts were conf ident that 
the long-sought-af ter , nonl inear Q C D effects 
cou ld be f ound and s tud ied in a broad k ine
mat ic r a n g e . T h e relat ive rate of so-ca l led 
di f f ract ive, or rapidi ty gap , events d iscovered 
in e lec t ron -p ro ton scat ter ing at H E R A a few 
years ago shou ld be m u c h larger in 
e l ec t ron -nuc leus col l is ions and app roach 
5 0 % . T h e produc t ion of J / p s i and upsi lon 
part ic les as smal l qua rk -an t i qua rk s y s t e m s 
that can be used as p robes of the nuc lear 
m e d i u m they p ropaga te th rough and reveal 
s t rong absorp t ion ef fects that are character 
istic of the new Q C D dynamics . 

P Paul , B rookhaven depu ty director for 
Sc ience & Techno logy , s tunned many in the 
aud ience by a n n o u n c i n g the interest in an 
e lec t r on -nuc leus col l ider at the RHIC m a c h i n e 
at B r o o k h a v e n , wh i ch is now being c o m m i s 
s i o n e d . However , the ene rgy wou ld be abou t a 
factor of 10 lower than the ene rgy that cou ld 
be reached at H E R A . It w a s recogn ized that 
the heavy - i on col l is ion p rog rammes at RHIC 
a n d C E R N ' s L H C have impor tant connec t i ons 
to e l ec t r on -nuc l eus phys ics , for examp le in 
the s tudy of g luon sc reen ing effects and 
estab l ish ing sa fe s ignals for the q u a r k - g l u o n 
p l a s m a . 

Severa l g roups are being f o r m e d to s tudy 
t hese issues in dep th . Regular meet ings are 
p lanned as wel l as coord inat ion wi th s tud ies 
of the RHIC e lec t ron -nuc leus opt ion . More 
in format ion is avai lable at " w w w . d e s y . d e / 
h e r a e a " . 
Gunnarlngelman, DESY/Uppsala and Mark 
Strikman DESY/Penn State. 

both the C M S expe r imen t - be ing one of the 
founde rs of the R D M S (Russ ia and D u b n a 
m e m b e r s ta tes ) co l laborat ion - and the A T L A S 
project at C E R N ' s LHC coll ider. 

Spec ia l a t tent ion is paid to the deve lop 
men t of new detec to rs and detector 
techno log ies . F rom the outset , acce lera tor 
phys ics has been one of the main act iv i t ies of 
LPP N o w it covers part ic ipat ion in projects at 
C E R N and DESY, the deve lopmen t of acce le ra 
tors for radiat ion t echno logy and the s tudy of 
s o m e concep tua l aspec ts of the future " t w o -
b e a m " col l iders. 

A decade celebrated at Dubna 
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Physicists study photon structure 
Almost a century after Einstein introduced the 
idea of a quantum of light, the photon (its 
name introduced only in 1926) cont inues to 
be a rich field of physics. Photon-photon and 
photon-proton interactions are prolific testing 
grounds for quantum chromodynamics ( Q C D ) 
- the field theory of quarks and gluons - as 
well as the more "classical" quantum 
electrodynamics ( Q E D ) . 

Experimental ists, mainly from CERN's LEP 
electron-posi t ron collider and DESY's HERA 
electron-proton collider, d iscussed their 
newest results with theorists at the Inter
national Conference on the Structure and 
Interactions of the Photon (PHOTON 99) , 
which was held recently in Freiburg, Germany. 

At close quarters the photon looks as 
though it contains quarks and gluons as well 
as electromagnetic part ic les.The HERA and 
LEP exper iments have reached a new stage of 
precision in the measurement of photon 
structure. Claudia Glasman (Madr id) pointed 
out that the new data pose a chal lenge to the 
theorists. 

The scattering of two virtual photons at LEP 
provides a pure test of a certain (BFKL) Q C D 

llya Ginzburg (Novosibirsk) explains the 
physics potential of the Compton Collider 
(Photo Arno Benen). 

regime. However, there are large discrepancies 
between the theory and the data, possibly 
owing to higher-order effects. 

Photon-photon interactions are now s tud
ied from the electron-volt up to the 
giga-electron-volt range. Denis Bernard (Ecole 
Polytechnique) presented a search for elastic 
photon-photon scattering - a reaction that 
has never been observed .The best limit using 

lasers is still 18 orders of magnitude greater 
than the value predicted by QED. 

At high energies the physics potential of a 
"Compton Coll ider" as part of the next (elec
t ron-posi t ron) Linear Collider project was 
discussed by David Miller (UCL) . In a Compton 
Collider (originally suggested byTelnov, Serbo, 
Ginzburg and Kotkin from Novosibirsk - three 
of them were at PHOTON 99) , high-energy 
photons are produced by scattering laser 
photons off electron beams. 

One of the most exciting possibilities is to 
produce Higgs particles directly from the 
scattering of pairs of such high-energy 
photons - a powerful way of determining 
fundamenta l Higgs properties. 

Kai Hencken (Basel ) pointed out that 
Brookhaven's RHIC will also be a rich source 
of pho tons .The first results are expected in 
t ime for PHOTON 2000, which will be held in 
Lancaster ( U K ) . 

The proceedings of PHOTON 99 will be 
publ ished by Nuclear Physics B. More infor
mation can be found a t " h t t p : / / w w w r u n g e . 
phys ik .un i - f re iburg .de/p99/ " . 
Stefan Soldner-Rembold. 

Arriving at CERN from Novosibirsk's Budker 
Institute are magnets for the two transfer lines 
to feed the LHC collider with protons from the 
SPS proton synchrot ron. 

Some 3 6 0 , 6 m dipoles and 180,1.4 m 
q u a d r u p l e s will be installed in two new 
underground transfer tunnels, each about 
3 km long, linking the SPS and L H C / L E P tun
nels. One tunnel is being built by the Swiss as 
part of its host state contribution for the LHC. 

To equip the tunnels, 10 magnet consign
ments per month will cover the 6000 km from 
Siberia over the next 18 months, each bearing 
two dipoles and a quadrupole. 

Unlike the LHC's main magnets, these are 
not superconduct ing .The Budker Institute 
suppl ies them under the 1993 Co-operat ion 
Agreement , which covers Russian participa
tion in the LHC. 

Prel iminary work for dipole elements is 
handled by the Efremov Institute, 
St Petersburg, and for quadrupoles by the ZVI 
factory in Moscow. Addit ional manufacture 
and final assembly for the magnets is done at 
Novosibirsk. 

From Russia with load 

Loading a 6 m dipole magnet at Novosibirsk for the 6000 km journey to CERN. These 
magnets will equip the two transfer lines to feed the LHC collider with protons from the SPS 
proton synchrotron. 
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D o n ' t L o s e Y o u r T e c h n i c a l E d g e . . . 
Attend the premier annual symposium on materials, surfaces, interfaces, and processes! 

American Vacuum Society 
46th International Symposium 
October 25-29, 1999, Seattle, WA 

Eight technical division programs will be held on 
issues related to films, microelectronics, nanostructures, 
processing, surfaces, and vacuum, including: 

• Applied Surface Science. 
• Electronic Materials and Processing. 
• Nanometer-Scale Science and Technology. 
• Plasma Science and Technology. 
• Surface Science. 
• Thin Films. 
• Vacuum Metallurgy. 
• Vacuum Technology. 

In addition, the week-long annual symposium will feature: 

Three Technical Croup Programs 
• Biomaterial Interfaces. 
• Magnetic Interfaces and Nanostructures. 
• Manufacturing Science and Technology. 

Four Topical Conferences 
• Emerging Opportunities and Issues in Nanotubes 

and Nanoelectronics. 
• Flat Panel Display. 
• Science of Micro-electromechanical Systems. 
• Organic Electronic Materials. 
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• Materials, Thin Films, and Coatings: Processing 

and Properties. 

1 5 0 + Exhibitors 
• Vacuum and Deposition Equipment. 
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For more information on the symposium, 
visit the AVS Web site at http://www. 
vacuum.org or contact the AVS, 
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e-mail avsnyc@vacuum.org. s E A T T L E 
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Except where otherwise stated, these news items are taken from the Institute of Physics Publishing's PhysicsWatch service, which is available at "ht tp: / /PhysicsWeb.org". 

PHYSICSWATCH 
Edited by Alison Wright 

Imaging in perfect harmony 
Imaging biological samples has often been 
hard to do with sufficient clarity. Now sc ien
tists at UC San Diego have exploited a new 
technique to produce a clear three-d imen-
tional image of a living sys tem. 

A t ightly-focused laser trained on a sample 
can generate light waves in the material at 
f requencies that are multiples of the original 
f requency - the second harmonic, third har
monic, and so on. By detecting, for example, 
just the third harmonic radiation and scanning 
the laser across the sample, a series of 
images can be built up (each within 2 s) to 
form an image with a spatial resolution equal 
to the focal size of the laser. AIP 

This three-dimentionai picture of an algae 
specimen (about 100x50}im)Ts formed 
from a series of cross-sectional images 
produced by scanning the sample with a 
laser pulse and detecting the third harmonic 
radiation generated. 

Magnetic moment 
Using data on solar magnet ism from the 
E S A - N A S A spacecraft Ulysses, scientists at 
Rutherford Appleton Laboratory have calcu
lated that the Sun's coronal magnetic field 
has doubled in the past 100 years, which 
could have a bearing on observed climate 
change on Earth. 

Ulysses found that the coronal magnetic 
field is actually unexpectedly un i form.Then 
the RAL team was able to use data measured 
at a single point in space (the Earth) to 
deduce the recent history of the magnetic 
field for the Sun . 

Records of magnetic s torms on Earth date 
back to 1868 and show cycles of intensity 
matching those of sunspot activity. The rate of 
magnetic storms has also been steadily 
increasing though the 20th century - pointing 
to an increasing solar magnetic field. 

Since the solar wind is linked to the Sun's 
magnetic field and itself affects the amount of 
cosmic radiation hitting the Earth's atmos
phere and seeding cloud cover, an increasing 
solar magnetic field may have an impact on 
the Earth's average temperature (which has 
risen by 0.6° in the last 100 years) . 

However, other scientists believe that man-
made "greenhouse" effects due to aerosols 
and the burning of fossil fuels and forests 
must still not be ignored. 

Clean quackers 
Researchers in Melbourne have found a novel 
and effective way to clean birds caught in oil 
spills. Oil-soaked duck feathers were coated 
with iron powder and then combed with a 

Computing takes a 
quantum leap 
Scientists from MIT, Los Alamos and Harvard 
have produced the first simulation of quantum 
mechanical processes using a quantum com
puter, which, as Richard Feynman suggested, 
such computers are ideally suited to. 

The researchers chose a familiar undergrad
uate physics problem - a "truncated harmonic 
oscillator", in this case the series of energy 
levels available to a quantum particle bound 

magnet, drawing out the iron powder and 97% 
of the oil contaminants. Moreover, the feath
ers retained their structure and waterproof 
quality - unlike after cleaning with detergents. 
The process is also quick and less stressful for 
the birds. A portable field unit is currently 
being developed. New Scientist 

to another object (e.g. an electron bound to a 
proton), with a finite number of energy levels. 

The computer is liquid 2,3-dibromo-
thiopene, programmed by NMR techniques: 
an external magnetic field forces the nuclei in 
the liquid to align with their spin either "up " or 
" d o w n " - matching the " 1 " and "0 " of binary 
code. Manipulating the spins of two nuclei 
within each molecule reveals the possible 
energy states for this two-spin system and 
exactly simulates the possible energy states 
for the quantum part ic le.The next challenge is 
the extension of the simulation to the real-life 
model of a hydrogen atom. AIP 

Hirn down the noise 
Turning up the vo lume of a weak radio signal 
amid noise increases both the signal and the 
noise. Somet imes actively increasing the 
noise can enhance the signal-to-noise ratio, 
in a process known as stochastic resonance. 

Scientists from Italy, Germany and the US 
have demonstrated how to control stochastic 
resonance by vary ing the phase of an external 
modulat ion applied to a stochastic resonator. 
Results show that the output signal can be 
enhanced or suppressed and can be applied 
in communicat ions, for vibration control in 
mechanical devices and also in biology - to 
understand how sensory systems can pick out 
faint signals and perhaps to suppress 
unwanted interactions between electromag
netic radiation and biological t issue. AIP 
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ASTROWATCH 
Edited by Emma Sanders 

Chandra blasts off 
An X-ray equivalent of the Hubble Space 
Te lescope, the Chandra X-ray observatory, was 
launched on 23 July. As t ronomers look 
forward to a new v iew of the violent universe 
with the highest-qual i ty images ever obta ined 
of X-ray sources . 

X-rays are emitted by material with temper
atures of more than 1 million degrees, such 
as hot gas that permeates the space between 
galaxies, material thrown out into space by 
stellar explosions and huge super lumina l jets 
ejected by active galaxies. 

As t ronomers expect to gain new insight into 
the nature of how spinning-neutron stars work 
as s o m e pass through an X-ray emitt ing 
phase. In particular, magnetars , with their 
extremely strong magnet ic f ields, are thought 
to be at the origin of s o m e gamma-ray bursts. 

One of Chandra 's most important results 
may be the d iscovery of the origin of the dif
fuse glow of X-rays that pervades the whole 
sky - the so-cal led X-ray background. "We 
think that it is composed of emiss ions f rom 
many distant individual sources of X-rays," 
said Martin Ward , director of the X-ray ast ron-

Picture of the month 

omy group at the UK's University of Leicester. 
"For the first t ime Chandra should be able to 
pinpoint the galaxies and quasars that are 
responsible for the emiss ion, and we will solve 
the puzzle of what produces the X-ray back
ground." 

Chandra will also be used to make a new 
est imate of the age of the universe. Today's 
observat ions suggest that the universe is 
around 12 billion years old. By measur ing the 
X-ray emiss ion from giant clusters of galaxies, 
as t ronomers will make a new est imate using 
the Sunyaev-Ze ldov i tch ef fect .This occurs 
when hot gas in the clusters scatters the 
cosmic microwave background radiat ion. 

Chandra is a NASA project, with contr ibu
t ions f rom the Nether lands, Germany and the 
UK. The observa tory is named after the 1983 
Indian Nobel Prize for Physics winner, 
Subrahmanyan Chandrasekhar, who died in 
1995. He w a s widely known as Chandra , 
which means " m o o n " o r " l um inous " in 
Sanskrit . 

T h e European Space Agency also plans to 
launch an X-ray observatory. XMM (CERN 

Lift-off: the Chandra X-ray observatory on
board the Space Shuttie Columbia. (NASA.) 

Courier Ju ly p l 3 ) is schedu led for launch in 
December . It has a larger collecting area than 
Chandra - better for observ ing faint sources -
but lower resolut ion. X-ray as t ronomy can only 
be carr ied out f rom space because X-rays are 
absorbed by the Earth's a tmosphere. 

A s tar - forming region in the Large 
Magel lan ic C loud w a s observed using 
the Hubb le Space Te lescope. T h e 
inset detai l shows the Papi l lon 
( "but ter f ly " in F rench) Nebula imaged 
for the f i rst t ime by a team of French 
and G e r m a n as t ronomers . T h e wing
like fea tures are thought to be 
out f lows of gas f rom a region of 
mass ive s tar fo rmat ion obscured by 
dust in the cent re . It is rare to see 
ev idence of mass ive s tars so soon 
af ter their b i r th . ( N A S A / E S A . ) 
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ASTROWATCH 

Gemini to see furthest stars 
Cosmo logy gains a twin as the first of two new 
internat ional te lescopes starts observa t ions . 
T h e Gemin i pair will explore the skies in both 
the nor thern and southern hemispheres at 
optical and infrared wave lengths . 

Wi th better infrared resolut ion than any 
other te lescope, Gemin i will be used to make 
new observat ions of the fur thest galaxies, the 
light of which is shif ted to the red by the 
expans ion of the universe. T h e te lescopes will 
also be used for high-resolut ion spectroscopy, 
to improve measu remen ts such as the 
primordial l i thium a b u n d a n c e - a f ingerprint 
left by the first 100 s of the universe 's 
ex is tence. 

Gemin i North is s i tuated on Hawai i 's Mauna 
Kea and will make its first scientif ic obser
vat ions next year. Its sister te lescope, Gemin i 
Sou th , is being built on Chi le's Cerro Pachon 
and is expected to see first light by 2001. 

Partners in the project are the UK, the US, 
C a n a d a , Chi le, Austral ia, Brazil and Argent ina. 

Gemin i observat ions will comp lemen t those 
made with E S O ' s V e r y Large Te lescope ( V L T ) , 
which is under construct ion in Chi le. Gemin i 
North will be considerably more sensi t ive in 
the mid- infrared range owing to the cooler, 
higher alt i tude site, which means less back
ground noise. 

A Gemin i te lescope in both hemispheres 
means that there will be comple te sky cover
age at all t imes. However, f rom 2005 the six 
VLT te lescopes will be used as interfero
meters, capab le of revealing f iner detail than 
Gemin i . Like the VLT, Gemini 's 8.1 m mirrors 
use adapt ive optics to correct for distort ions 
to starl ight passing through the a tmosphere . 
Th is g ives a spatial resolut ion three t imes as 
good as the 2.4 m Hubble Space Te lescope at 
near- infrared wavelengths. 

The Gemini North telescope in Hawaii. 
(Gemini Observatory.) 
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CERN COURIER'S FULLY INTERACTIVE 
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SUPERHEAVY ELEMENTS 

The newly constructed Berkeley Gas-Filled Separator was vital for the synthesis of element 118. Its strong magnetic fields focused 
the superheavy nuclei and separated them from the beam and all other reaction products. 

Nuclear treasure island 
1999 looks to be a vintage year for 
"superheavy" nuclei .These heavier-than-
uranium isotopes are a 20th-century 
postcript to the Periodic Table. 
S o o n a f te r t h e e x p e r i m e n t s a t D u b n a , w h i c h s y n t h e s i z e d e l e 
m e n t 114 a n d m a d e t h e f i rst f o o t p r i n t s o n t h e b e a c h o f t h e " i s l a n d 
o f n u c l e a r s tab i l i t y " ( s e e p l 9 ) , t w o n e w s u p e r h e a v y e l e m e n t s h a v e 
b e e n d i s c o v e r e d a t t h e L a w r e n c e B e r k e l e y N a t i o n a l L a b o r a t o r y . 

E l e m e n t 118 a n d its i m m e d i a t e d e c a y p r o d u c t , e l e m e n t 116, w e r e 
m a n u f a c t u r e d a t B e r k e l e y ' s 8 8 i n c h c y c l o t r o n by f u s i n g t a rge t s o f 
l e a d - 2 0 8 w i t h a n i n t e n s e b e a m o f 4 4 9 M e V k r y p t o n - 8 6 i ons . 

A l t h o u g h bo th n e w nuc le i a l m o s t ins tan t l y d e c a y into l ighter o n e s , 
t h e d e c a y s e q u e n c e is c o n s i s t e n t w i t h t h e o r i e s t ha t h a v e long p r e 
d i c t e d t h e i s l and o f s tab i l i t y fo r nuc le i w i t h a p p r o x i m a t e l y 114 p r o 
t o n s a n d 184 n e u t r o n s . 

T h e o r i s t R o b e r t S m o l a n c z u k , v i s i t i ng f r o m t h e S o l t a n Ins t i tu te fo r 
N u c l e a r S t u d i e s in P o l a n d , h a d c a l c u l a t e d t h a t th is r e a c t i o n s h o u l d 

h a v e pa r t i cu l a r l y f a v o u r a b l e p r o d u c t i o n ra tes . N o w t h a t th i s r ou te 
h a s b e e n s i g n p o s t e d , s im i l a r r e a c t i o n s c o u l d be p o s s i b l e : n e w e l e 
m e n t s a n d i s o t o p e s , t e s t s o f n u c l e a r s tab i l i t y a n d m a s s m o d e l s , 
a n d a n e w u n d e r s t a n d i n g o f n u c l e a r r e a c t i o n s fo r t h e p r o d u c t i o n of 
h e a v y e l e m e n t s . 

T h e 118 - i so tope , iden t i f i ed a t Be rke ley , c o n t a i n s 118 p r o t o n s a n d 
175 n e u t r o n s in its n u c l e u s . L e s s t h a n 1 m s a f te r its c r e a t i o n , it 
d e c a y s by e m i t t i n g a n a l p h a pa r t i c l e , l e a v i n g b e h i n d a n i s o t o p e o f 
n u c l e u s 116, c o n t a i n i n g 116 p r o t o n s a n d 173 n e u t r o n s . T h i s a l p h a -
d e c a y s in t u r n to a n i s o t o p e o f e l e m e n t 114 .The c h a i n o f s u c c e s s i v e 
a l p h a d e c a y is o b s e r v e d unt i l a t l eas t e l e m e n t 106. 

V i ta l t o t h e e x p e r i m e n t w a s t h e n e w l y c o n s t r u c t e d B e r k e l e y G a s -
f i l led S e p a r a t o r ( B G S ) . A n o t h e r i m p o r t a n t fac to r w a s t h e versat i l i ty o f 
t h e 8 8 i n c h c y c l o t r o n , in o p e r a t i o n s i n c e 1961 a n d r e c e n t l y 
u p g r a d e d by t h e a d d i t i o n o f a h i g h - p e r f o r m a n c e ion s o u r c e . 

It is i n c o n g r u o u s t h a t th i s n e w t r a n s u r a n i c n u c l e u s w a s d i s c o v 
e r e d a t B e r k e l e y o n l y a f e w m o n t h s a f te r t h e d e a t h o f G l e n n 
S e a b o r g , c o - d i s c o v e r e r a t B e r k e l e y o f p l u t o n i u m a n d n ine o t h e r e l e 
m e n t s h e a v i e r t h a n u r a n i u m , t h e h e a v i e s t n a t u r a l l y o c c u r r i n g 
n u c l e u s (CERN Courier M a y p 3 5 ) . • 
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SUPERHEAVY ELEMENTS 

First 
postcard 
from the 
island of 
nuclear 
stability 

Recent experiments that took place at the 
Joint Institute for Nuclear Research, Dubna, 
near Moscow, reported evidence for 
element 114, the first inhabitant of a new 
island of nuclear stability. 
E v e r s i n c e t h e d i s c o v e r y o f n e p t u n i u m a n d p l u t o n i u m a l m o s t 
60 yea rs a g o , phys ic is ts h a v e con t inua l l y s o u g h t to s y n t h e s i z e a d d i 
t ional art i f ic ial , t r ansu ran i c e l e m e n t s . Mos t of t h e s e nucle i are h ighly 
u n s t a b l e , bu t a f u n d a m e n t a l n u c l e a r p h y s i c s p red ic t ion s a y s tha t 
t h e s e s u p e r h e a v y e l e m e n t s w o u l d e v e n t u a l l y r e a c h an " i s l and o f 
s tabi l i ty" ( f igure 1) . 

T h i s in t r igu ing h y p o t h e s i s , w h i c h w a s p r o p o s e d m o r e t h a n 
3 0 yea rs ago a n d h a s s i nce t h e n b e e n d e v e l o p e d intensively, s e e m s 
to h a v e r e c e i v e d r e c e n t e x p e r i m e n t a l c o n f i r m a t i o n at t h e J o i n t 
Inst i tute for N u c l e a r R e s e a r c h in D u b n a n e a r M o s c o w . 

In a 3 4 day b o m b a r d m e n t o f a h e a v y ta rge t of p l u t o n i u m - 2 4 4 by 
a c a l c i u m - 4 8 b e a m ( to ta l d o s e 5.2 x 1 0 1 8 i o n s ) , an u n u s u a l d e c a y 
cha in w a s reco rded by a pos i t ion-sens i t i ve de tec to r a r ray .Th is d e c a y 
cha in c o n s i s t e d of a heavy , i m p l a n t e d a t o m , t h ree sequen t i a l a l p h a 
d e c a y s a n d a s p o n t a n e o u s f i ss ion ( S F ) , w h i c h a l toge ther las ted for 
a b o u t 3 4 m in ( f igure 2 a ) . 

All f ive of t h e s i g n a l s w e r e c o r r e l a t e d in t i m e a n d pos i t i on . T h e 
large v a l u e s of t he a lpha-par t i c le ene rg ies a n d the long d e c a y t imes , 
in add i t i on to t h e t e r m i n a t i o n o f t h e s e q u e n c e by s p o n t a n e o u s 
f i ss ion , p rov ide e v i d e n c e fo r t he d e c a y o f nuc le i w i th large a t o m i c 
n u m b e r s . U n d e r t he expe r imen ta l cond i t i ons g i ven , the probabi l i ty of 
be ing a b l e to s i m u l a t e s u c h a d e c a y c h a i n o c c u r r i n g by r a n d o m 
c o i n c i d e n c e is s ign i f i can t ly s m a l l . 

Fig. 1: Another 
brick in the 
wall. The 
Periodic Table 
of elements, 
showing the 
position of the 
new element, 
114, which 
can be 
synthesized by 
bombarding 
an isotope of 
plutonium with 
another of 
calcium. 
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SUPERHEAVY ELEMENTS 
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Fig. 2: The different decays of element 114 and its daughter 
isotopes. 

S e c o n d a t t e m p t 
T h e a u t h o r s c o n s i d e r th i s to b e a n e x c e l l e n t c a n d i d a t e fo r a d e c a y 
c h a i n o r i g i n a t i n g f r o m t h e a l p h a d e c a y o f a p a r e n t n u c l e u s w i t h 
a t o m i c n u m b e r 114 a n d m a s s 2 8 9 , p r o d u c e d by t h e e v a p o r a t i o n o f 
t h r e e n e u t r o n s f r o m a c o m p o u n d n u c l e u s w i t h a c r o s s - s e c t i o n o f 
a b o u t 1 p b . T h e r e a re p l a n s t o m a k e a n o t h e r a t t e m p t a t o b t a i n i n g a 
s e c o n d e v e n t in a f o r t h c o m i n g e x p e r i m e n t in J u l y 1999 a n d to m a k e 
a f inal i n te rp re ta t i on o f t h e resu l t s t h e n . 

T h e e x p e r i m e n t w a s p e r f o r m e d in D u b n a ' s F le rov L a b o r a t o r y o f 
N u c l e a r R e a c t i o n s in N o v e m b e r a n d D e c e m b e r o f 1998 in c o l l a b 
o r a t i o n w i t h t h e U S L a w r e n c e L i v e r m o r e N a t i o n a l L a b o r a t o r y . T h e 

T h e i n c r e a s i n g 
n e u t r o n n u m b e r 
s h o u l d c h a n g e t h e 
s h a p e o f t h e n u c l e u s 
f r o m e l l ip t ica l t o 

D u b n a gas- f i l led recoi l s e p a r a t o r 
( D G F R S ) , w h i c h is c a p a b l e o f 
s e p a r a t i n g , in f l igh t , t h e s u p e r 
h e a v y n u c l e i e v a p o r a t i o n r e s i 
d u e s f r o m p ro jec t i l es a n d o t h e r 
reac t ion p r o d u c t s , w a s e m p l o y e d 
to ex t rac t s i ng l e a t o m s . 

T h e b e a m i n t e n s i t y a t t h e 
U 4 0 0 h e a v y - i o n c y c l o t r o n w a s Spner iCa i 
a p p r o x i m a t e l y 4 x l 0 1 2 / s - a t 
t h e c o n s u m p t i o n ra te o f 0 . 3 m g / h o f t h e u n i q u e c a l c i u m - 4 8 i so 
t o p e in t h e ion s o u r c e . 

A f o l l o w - u p e x p e r i m e n t w a s c a r r i e d o u t in M a r c h a n d Apr i l (w i t h 
t h e pa r t i c i pa t i on o f G S I , D a r m s t a d t ; R I K E N , T o k y o ; a n d C o m e n i u s 
Un ivers i ty , B r a t i s l a v a ) . T h e o b j e c t i v e o n t ha t o c c a s i o n w a s t h e s y n 
t h e s i s o f a n e w i s o t o p e o f e l e m e n t 114 w i t h a m a s s n u m b e r 2 8 7 in 
reac t i ons b e t w e e n c a l c i u m - 4 8 a n d p l u t o n i u m - 2 4 2 . T h e V A S S I L I S S A 
e l e c t r o s t a t i c reco i l s e p a r a t o r s i f t ed t h e r e a c t i o n p r o d u c t s a n d 
r e c o r d e d t h e d e c a y s o f t h e n e w n u c l i d e s . 

T h e e x p e r i m e n t l as ted fo r a b o u t 3 0 d a y s , w h i c h i nvo l ved a to ta l 
b e a m d o s e o f 7.5 x 1 0 1 8 . T w o s imi la r e v e n t s w e r e r e c o r d e d a s a sho r t 
d e c a y c h a i n . T h e y c o n s i s t e d o f a reco i l n u c l e u s , a n a l p h a par t i c le 
e m i t t e d a f e w s e c o n d s la ter a n d f ina l S F w i t h a hal f - l i fe o f a f e w 
m i n u t e s ( f i g u r e 2 b ) . In e a c h c a s e , al l t h r e e s i g n a l s o f t h e d e c a y 
s e q u e n c e w e r e c o r r e l a t e d in t i m e a n d pos i t i on . 

T h i r d e x a m p l e 
T h e s p o n t a n e o u s l y f i s s i on ing e m i t t e r ( w h i c h h a s a l i fe t ime o f a b o u t 
1.5 m i n ) h a d b e e n o b s e r v e d in a n ea r l i e r e x p e r i m e n t t ha t w a s per 
f o r m e d by t h e s a m e c o l l a b o r a t i o n in r e a c t i o n s b e t w e e n c a l c i u m - 4 8 
a n d u r a n i u m - 2 3 8 . O n t ha t o c c a s i o n , t h e t w o o b s e r v e d s p o n t a n e o u s 
f i ss ion e v e n t s h a d ten ta t i ve l y b e e n a s s i g n e d to t h e d e c a y o f t h e n e w 
i s o t o p e o f e l e m e n t 112 w i t h m a s s n u m b e r 2 8 3 ( f i gu re 2 c ) . 

In t h e la tes t e x p e r i m e n t , t h e s a m e n u c l e u s h a s b e e n p r o d u c e d 
a s t h e d a u g h t e r p r o d u c t o w i n g t o t h e a l p h a d e c a y o f t h e m o t h e r 
n u c l e u s o f m a s s 2 8 7 a n d p r o t o n n u m b e r 1 1 4 . T h e a t o m i c n u m b e r s 
o f t h e s y n t h e s i z e d nuc l e i wi l l b e d e t e r m i n e d c h e m i c a l l y . T h e f i rs t 
e x p e r i m e n t , w h i c h is a i m e d a t t h e c h e m i c a l s e p a r a t i o n o f e l e m e n t 
112, is n o w b e i n g p r e p a r e d . 

T h e ha l f - l i ves o f t h e n e w n u c l i d e s a r e e s t i m a t e d t o r a n g e f r o m 
s e c o n d s to t e n s o f s e c o n d s . T h e i r d a u g h t e r nuc le i - t h e d e c a y p r o d 
uc ts - l ive fo r m i n u t e s : a l m o s t a mi l l ion t i m e s a s long a s t h e l ighter 
i s o t o p e s 110 a n d 112 w i t h n e u t r o n n u m b e r s 163 a n d 165. 

T h i s is exac t l y in l ine w i th t heo re t i ca l p red ic t i ons . W h e n a p p r o a c h 
ing t h e c l o s e d 1 8 4 - n e u t r o n s h e l l , t h e i n c r e a s i n g n e u t r o n n u m b e r 
s h o u l d c h a n g e t h e s h a p e o f t h e n u c l e u s f r o m el l ip t ical to s p h e r i 
c a l . T h i s s p h e r i c a l s h e l l , c o m i n g a f te r t h e 1 2 6 - n e u t r o n she l l in t h e 
s tab le l e a d - 2 0 8 n u c l e u s , is s o s t r o n g t ha t its i n f l uence , a c c o r d i n g to 
t h e c a l c u l a t i o n s , e x t e n d s e v e n t o t h o s e nuc le i t ha t h a v e m o r e t h a n 
170 n e u t r o n s , t h u s i n c r e a s i n g the i r l i fe t ime by m a n y o r d e r s o f m a g 
n i t ude . 

F r o m th is po in t o f v i e w t h e p r o p e r t i e s o f t h e n e w n u c l e i , s y n t h e 
s i z e d in r e a c t i o n s i n d u c e d by c a l c i u m - 4 8 , c o u l d be c o n s i d e r e d a 
f irst e x p e r i m e n t a l i nd i ca t i on o f t h e e x i s t e n c e o f t h e i s land o f s t ab i l 
ity o f s u p e r h e a v y s p h e r i c a l n u c l e i . • 
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Demanding Technology.. 

Demands Everson. 
F o r o v e r t h i r t y y e a r s , E v e r s o n E lec t r i c h a s b e e n p r o v i d i n g c u t t i n g - e d g e 
t e c h n o l o g y t o lead ing i ndus t r i es a n d l a b o r a t o r i e s w o r l d w i d e , m e e t i n g t h e m o s t 
d e m a n d i n g r e q u i r e m e n t s : 

I Res is t i ve coi ls of all conf igura t ions , air- or 
w a t e r - c o o l e d , w i th o r w i thou t iron c o r e s 

I C o m p l e t e i n -house s e r v i c e to offer 
s t anda rd of f - the-shel f c o m p o n e n t s to full 
w a l k - t h r o u g h c u s t o m i z e d s y s t e m s 

I In tegrated l ow - t empe ra tu re c r y o g e n i c a n d 
high-f ie ld s u p e r c o n d u c t i n g m a g n e t s y s t e m s 

l C A D a n d f in i te-e lement des ign p r o g r a m s 
for e x t e n s i v e electr ical , magne t i c , 
mechan i ca l a n d therma l analys is 

e v e r s o n 

e l e c t r i c 

c o m p a n y 

W e p u t q u a l i t y in m o t i o n . 

2000 C i t y L i n e R o a d • B e t h l e h e m , P A 18017 (610) 264-8611 • F A X : (610) 264-1040 • w w w . e v e r s o n e l e c . c o m 

The s u p p l i e r o f h i gh -qua l i t y m a g n e t s a n d 
co i l s , E v e r s o n is c o m m i t t e d t o m e e t i n g 
y o u r e v e r y n e e d . 
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m a g n e t i c m e a s u r e m e n t 
e q u i p m e n t s ^ ^ ^ ^ i 
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COMPUTING FOR PHYSICS 

COMPASS course to 
A major new spectrometer that is being 
installed at CERN will be a flagship fixed-
target experiment for the millennium. Its 
voracious appetite for data requires new 
computing solutions, opening the door for 
subsequent 21st-century studies. 

Hall 8 8 8 , of t he nor th a rea of C E R N ' s S P S s y n c h r o t r o n , is m u o n 
b e a m country. For a lmost two d e c a d e s this hall hosted the European 
M u o n Co l l abo ra t i on ( E M C ) s p e c t r o m e t e r ( c o m p a n i o n e d d o w n 
s t r eam by the N A 4 a p p a r a t u s ) , s u b s e q u e n t l y a d a p t e d to the needs 
of the N M C exper iment and then the S M C e x p e r i m e n t Us ing C E R N ' s 
h igh -energy m u o n b e a m and a var ie ty of targets , t hese exper imen ts 
prov ided a weal th of insights into the q u a r k / g l u o n content of nuclear 
par t ic les. 

The i r s u c c e s s o r will be C o m m o n M u o n and Proton A p p a r a t u s for 
S t ruc tu re and Spec t r oscopy ( C O M P A S S ) , p roposed in March 1996 
by a large c o m m u n i t y of phys ic is ts wi th a keen interest in nuc leon 
s t ruc ture and hadron s p e c t r o s c o p y . T h e exper imen t a ims to add ress 
rema in ing ques t ions us ing all of the art i l lery avai lable today. 

O n e centra l issue is to look at the cont r ibut ion of g luons to the 
nuc leon sp in . E M C and S M C m a d e dec is ive a d v a n c e s t owa rds the 
unders tand ing of the nuc leon sp in in t e r m s of its cons t i tuents , but 
the role of the g luon needs to be c lar i f ied. 

T h e o ther major phys ics ob jec t ive is to look for part ic les s u c h as 
g lueba l l s , c o m p o s e d of g l u o n s ra ther t h a n q u a r k s , q u a r k - g l u o n 
hybr ids and quark -an t iquark comb ina t i ons . S u c h exot ica have long 
been s e a r c h e d for and a few cand ida tes have been ident i f ied, but 
noth ing like the rich s p e c t r u m expec ted f rom theory . 

T h e e x p e r i m e n t w a s a p p r o v e d in F e b r u a r y 1997 a n d t he c o n 
s t ruc t ion of new de tec to rs is p roceed ing fast . Key fea tu res of the 
new spec t rome te r (ac tua l ly a two -s tage spec t rometer , to al low for 
large geomet r ica l and dynamica l a c c e p t a n c e ) are : 
• full part ic le identi f icat ion ( cha rged part ic les us ing high granular i ty 
RICH r ing- imaging C h e r e n k o v c o u n t e r s ) ; 
• ca lo r imet ry for ene rgy m e a s u r e m e n t ; 
• h igh rate ( b e a m intensi t ies of 10 8 par t ic les per pu lse ) . 

Cop ing with s u c h a high b e a m rate is the ma in fea ture of the new 
spec t romete r . O n the de tec to r s ide , m a n y novel t ies will be imple
m e n t e d : 
• for the first t ime a large quant i ty of an unusua l mater ia l ( U 6 D ) 
will be used for the polar ized target ; 
• la rge-area t rackers us ing "s t raw t u b e s " at large ang les ; 
• M i c romegas deve loped a t S a c l a y will cover the centra l par t of the 

Moving a 420 ton magnet for the COMPASS experiment, a 
CERN flagship fixed-target study for the next decade. 

first spec t rome te r ; 
• a s m a l l - a r e a t racke r of t he " d o u b l e G E M " t y p e (CERN Courier 
D e c e m b e r 1998 p l 9 ) will cover the centra l part of the s e c o n d s p e c 
t rometer ; 
• the Che renkov pho tons in the R ICH will be de tec ted wi th a large 
array (6 m 2 ) of w i re c h a m b e r s wi th c a e s i u m iodide pho toca thodes , 
a new techn ique d e v e l o p e d at C E R N in the R D 2 6 project. 

S w a l l o w i n g d a t a 
S u c h a v o r a c i o u s appe t i t e for da ta i n f l uences the de tec to rs , t he 
data acquis i t ion s y s t e m a n d data s to rage and ana lys is . 

C O M P A S S will be ab le to tr igger 10 5 t imes per s e c o n d and s tore 
10 4 events per s e c o n d , e a c h typical ly 3 0 Kby tes , for a total data s ize 
of 3 0 0 T b y t e s pe ryea r at a m e a n acqu is i t ion rate of 35 Mby tes per 
s e c o n d . Data will be sen t v ia an opt ical link direct ly to C E R N ' s ma in 
c o m p u t e r cen t re us ing the Cent ra l Da ta Reco rd ing ( C D R ) faci l i ty 
p ioneered for the N A 4 8 CP v io la t ion exper imen t . 

Stil l, the quant i ty of data that C O M P A S S will hand le is such that a 
host of new p rob lems had to be f aced a n d so lved quick ly for da ta -
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future computing 

Prototype of the COMPASS computing farm. The PCs are mostly 
dual Pentium II300 MHz running Windows NT4.0 SP3. The 
data servers are DEC1200 and SUN 450 machines. 

tak ing next year. Hand l ing the s t ream of data propel led by the C D R 
s y s t e m is a major cha l lenge. 

T h e es t ima ted power n e e d e d to p rocess C O M P A S S data is f ive 
t imes that of the a l ready impress ive s u p e r c o m p u t e r used by N A 4 8 . 
T h e ana l ys i s p lan f o r e s e e s p r o c e s s i n g the da ta at C E R N , wh i le 
a lmost all f inal physics analys is as well as most of the s imulat ion will 
be d o n e in the co l l abora t ing inst i tu tes. T h e p e r f o r m a n c e of 
C O M P A S S c o m p u t i n g a n d ana l ys i s wil l be a usefu l gu ide for the 
high-rate exper iments at C E R N ' s LHC coll ider wh ich are schedu led to 
begin opera t ion in 2 0 0 5 . 

N e w s o f t w a r e t o o l s 
Fort ran has had its day, and a m o v e f rom t o p - d o w n s t ruc tured pro
g r a m m i n g to ob jec t -o r i en ted p r o g r a m m i n g is in s ight . In ob jec t -
o r ien ted ana lys i s a n d d e s i g n , so f twa re s y s t e m s are mode l l ed as 
co l lec t ions of co -opera t i ng ob jec ts , t reat ing ind iv idual ob jec ts as 
ins tances of a c lass wi th in a h ierarchy of c lasses . 

C o m p a r e d wi th the wel l known " t o p - d o w n s t ruc tu red " p rog ram

ming, ob ject -or iented p rog ramming looks more abst ract and m o v e s 
the comp lex i t y of d e v e l o p m e n t to the first s t e p - t h e def in i t ion of 
c lasses and relat ions. O n the o ther h a n d , ob jec t -or iented p rog ram
ming , wi th its e n c a p s u l a t i o n , p o l y m o r p h i s m and inher i tance f e a 
tu res , he lps the mainta inabi l i ty of e labora te so f tware , par t icu lar ly 
w h e n m a n y au thors are invo lved. 

C o d e s 
For an expe r imen t that will be act ive over m a n y years , and wi th off
line compu t i ng hav ing to keep pace wi th incoming da ta , a new off
line code w a s cal led for, wi th ob jec t -o r ien ted compatibi l i ty. 

Of the many p rog ramming languages that suppor t ob ject -or iented 
p rog ramming , on ly two are w i d e s p r e a d : C + + and J a v a . 

T h e ma in reason beh ind the C + + s u c c e s s is its backward c o m 
patibil i ty wi th the C language wh i ch is used extens ive ly for on- l ine 
and s y s t e m app l i ca t ions .Th is a lso m e a n s that C l ibraries can easi ly 
be used wi th in a C + + p rog ram. C + + l imitat ions main ly c o m e f rom 
the necess i ty to be compa t ib le wi th C, a lso a l lowing s t ruc tured t op -
d o w n p rog ramming . 

Java is a pure ob ject -or iented p rog ramming language, but it is still 
unde r d e v e l o p m e n t w i th no c o m p i l e r s ava i lab le . Right now, C + + 
looks like the best cho ice for an ob jec t -or ien ted p rog ramming lang
uage. 

D a t a a n d d a t a b a s e s 
Hand l ing ex t reme ly large data v o l u m e s and rates is the key fea ture 
of C O M P A S S . C + + prov ides only low-level access to disk fi les. In par
t icular, there is no m e a n s of manag ing tape i npu t / ou tpu t or, in g e n 
era l , ter t iary s to rage dev ices at the language level. 

D a t a b a s e p r o g r a m s c a n p rov ide e x t e n d e d disk i n p u t / o u t p u t 
power, g iv ing a cons is ten t f r amework wi th m a n y new func t ions . A s 
well as plain da ta , the C + + language is capab le of hand l ing ob jec ts 
and ob ject co l lec t ions. 

To take advan tage of C + + m e a n s s tor ing and retr ieving s t ruc tures 
(which can be v e r y compl ica ted and can evolve with t ime) in a t rans
parent w a y and w i thou t add ing too m u c h complexi ty. 

T h e mos t natura l cho ice is ob jec t -o r ien ted d a t a b a s e s tha t use 
C + + l anguage a n d c a n hand le m e m o r y a n d disk t ransparen t l y . 
C E R N p lays a lead ing role in t he d e v e l o p m e n t a n d use of s u c h 
s y s t e m s in h igh -ene rgy p h y s i c s . T h e R D 4 5 col laborat ion w a s se t up 
f ive years ago and C O M P A S S (as wel l as the N A 4 5 heavy - ion s tudy 
at C E R N and BaBar at S L A C , S tan fo rd ) are tak ing advan tage of th is 
work . 

G iven 1 0 1 0 even ts per year a n d all of the assoc ia ted complex i t y 
cal ls for: 
• min imal dup l ica t ion of in fo rmat ion ; 
• s e a m l e s s a c c e s s to the data f rom di f ferent sou rces (even ts , cal i 
brat ion and a l i gnmen t ) ; 
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Conceptual scheme of the COMPASS computing farm. The on
line farm sends data via a long-distance gigabit fibre 
connection to the computer centre. The data servers (blue) 
receive all of the data and store them on their local disks. They 
are equipped with gigabit Ethernet interfaces and hold the disk 
pool (up to 10 Tbyte). All of their processing power is devoted to 
deal with the network and disk activity (35 Mbyte/s from on
line; some 200 Mbyte/s total throughput). The CPU clients (red) 
are PCs with minimal disk equipment and fast Ethernet 
interfaces. They read data from the data servers, perform the 
CPU intensive operations and send the results back to the data 
servers. A hierarchical storage manager system that uses the 
tape storage complements the disk pool. 

• d i rect a c c e s s to spec i f ic par ts of t he even t in fo rmat ion for s o m e 
se lec ted s a m p l e ; 
• t r anspa ren t da ta a c c e s s f rom local a n d remote s i tes. 

Cu r ren t l y t he m o s t p r o m i s i n g c a n d i d a t e for t h e s e t a s k s is 
O b j e c t i v i t y / D B , a n d in 1997 C O M P A S S d e c i d e d to use th is c o m 
merc ia l p roduc t to s tore all da ta for off- l ine ana lys is , keep ing t h e m 
unde r " f e d e r a t e d " d a t a b a s e s (cons is t i ng of s e p a r a t e d f i les on dif
fe ren t c o m p u t e r s ) . 

T h e internal s t ructure of the da tabase shou ld al low easy access to 
the physical quant i t ies n e e d e d in the ana lys is w i thout external book
keep ing . O n e ma jo r advan tage is the possib i l i ty of " tagg ing" even ts 
by phys ics proper t ies. Users shou ld thus be able to se lect subse ts of 
da ta and a c c e s s the full i n fo rmat ion . 

T h e t r anspa ren t nav igat ion a m o n g the even ts and o ther ana lys is 
ob jec ts is v e r y at t ract ive, a n d O b j e c t i v i t y / D B p romises to be ab le to 
hand le a v e r y large " f ede ra t i on " of d a t a b a s e f i les. 

S t o r a g e 
C O M P A S S wil l p robab l y be ab le to af ford up to l O T b y t e s of d isk 
s p a c e , wh i le the total da ta wil l be of t he o rde r of 3 0 0 T b y t e s per 
year of opera t ion . A "h ierarch ica l s to rage manage r " ( H S M ) is n e e d e d 
to m o v e data be tween disk a n d t a p e . 

To so lve th is p r o b l e m , wh i ch will b e c o m e even more acu te for the 
L H C expe r imen ts , C E R N is a l ready tes t ing a high p e r f o r m a n c e stor
age sys tem ( H P S S ) , wh ich may be appropr ia te for C O M P A S S . C E R N ' s 

In fo rmat ion T e c h n o l o g y ( IT ) d iv is ion is a lso deve lop ing a l ternat ive 
so lu t ions . IT's phys ics da ta p rocess ing g roup ( P D P ) a n d R D 4 5 are 
a lso i m p l e m e n t i n g so lu t i ons to reconc i le the requ i remen ts of t he 
d a t a b a s e and the h ierarch ica l s to rage manager . 

T h e Centra l Da ta Reco rd ing ( C D R ) s c h e m e deve loped by C E R N ' s 
I T / P D P g r o u p a i m s to c o n n e c t a n e x p e r i m e n t ' s da ta acqu is i t i on 
s y s t e m wi th a h i g h - s p e e d ne twork link a n d s tore the da ta us ing the 
C E R N c o m p u t e r cen t re 's t a p e d r i v e s . T h e C D R w a s l aunched for the 
N A 4 8 expe r imen t a n d is now rout ine ly used by m a n y o ther C E R N 
expe r imen ts . 

T h e p resen t C O M P A S S da ta record ing s c h e m e fo rsees : 
• raw data wr i t ten on to f i les in by te - s t ream fo rma t by the on- l ine 
compu te rs on their local d isks ( 1 0 - 2 0 parallel s t r eams) . (The typical 
s izes of e a c h of t h e s e f i les will range f r om a few m e g a b y t e s to a f ew 
g igaby tes ) ; 
• f i les t rans fe r red by the C D R to the C O M P A S S c o m p u t i n g f a r m at 
t he c o m p u t e r c e n t r e , w h e r e t h e y a re f o r m a t t e d into a f e d e r a t e d 
d a t a b a s e wi th ob jec ts c rea ted a n d s to red . Af ter fo rmat t ing the cor
respond ing on- l ine f i les are de le ted ; 
• the d a t a b a s e s wr i t ten to t ape a n d the co r respond ing off- l ine f i les 
de le ted . 

C o m p u t i n g f a r m 
Large phys ics e x p e r i m e n t s can be s e r v i c e d by " f a r m s " of ded i ca ted 
PCs . In 1998 an I T / P D P task fo rce looked at the requ i remen ts for 
h igh- ra te e x p e r i m e n t s ( N A 4 8 , N A 4 5 a n d C O M P A S S ) . T h e m o d e l 
p roposed for the C O M P A S S c o m p u t i n g f a r m ( C C F ) is a hybr id f a r m 
with a few ( fewer t han 10) Unix "da ta s e r v e r s " , to cope wi th the data 
rate, and abou t 2 0 0 m a s s - m a r k e t PCs as C P U "c l ien ts" . 

In the p resen t da ta f low s c h e m e the on- l ine s y s t e m pe r fo rms the 
event bui ld ing. If n e c e s s a r y it f i l ters out events and then s e n d s t h e m 
to the C D R a n d to the off- l ine f a rm at a typ ica l rate of 3 5 M b y t e / s . 

In the off- l ine f a rm the da ta s e r v e r s wil l hand le the ne twork traff ic 
f rom the C D R , d is t r ibute raw da ta to the C P U cl ients, rece ive t h e m 
back f rom the PCs a n d f inal ly s e n d t h e m to the H S M . In para l le l , 
the data s e r v e r s will rece ive da ta f r om the H S M , s e n d t h e m to the 
PCs w h e r e the da ta are p r o c e s s e d a n d col lect and s e n d the ou tpu t 
to the H S M . T h e s e r v e r d isk s p a c e will be of the o rder of 1 0 T b y t e . 

S ince the c o m p u t i n g power requ i red by C O M P A S S d e p e n d s on 
the large n u m b e r of C P U c l ien ts , t h e ana l ys i s p r o g r a m s h o u l d 
incorpora te s o m e deg ree of para l le l i sm. Paral le l ism is a l ready pre
sen t at the on- l ine level , w h e r e a f a r m of even t bu i lders rece ives the 
events a n d s e n d s da ta to the off- l ine f a r m in mul t ip le s t r e a m s . 

A l t hough O b j e c t i v i t y / D B a l lows the user to a c c e s s both remo te 
and local d a t a , t he C P U - i n t e n s i v e j o b s s h o u l d be s c h e d u l e d on 
t hose m a c h i n e s wi th an impor tan t f ract ion of local da ta . T h e d a t a 
base mode l can be used to max im ize th is "da ta local i ty". 

S u c h resource a l locat ion s h o u l d be d o n e outs ide a n d before the 
user c o d e , wh i ch is wr i t ten in the m o s t genera l way, access ing da ta 
v ia phys ica l quer ies w i thou t en ter ing into deta i ls of da ta locat ion . 

T h e C C F p r o t o t y p e 
C O M P A S S began to invest igate the C C F s c h e m e and O b j e c t i v i t y / D B 
in 1 9 9 8 . T h e e m p h a s i s has been on p e r f o r m a n c e s in t e r m s of da ta 
rate and on s c h e m e s for recovery after hardware or sof tware fai lures. 
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Weaving a better tomon 
The World Wide Web is 10 years old, but it is 
only just beginning to fulfil its potential. At 
the eighth World Wide Web conference in 
Toronto in May, James Gillies learned what 
the next decade might have in store. 

"It w a s a we i rd con fe rence , " sa id E the rne t inventor a n d se l f -s ty led 
t echno logy pundit , Bob Metcal fe, s u m m i n g up the eighth Wor ld W i d e 
W e b con fe rence ( W W W 8 ) . " Imag ine, " he con t i nued , "sit t ing there lis
ten ing to a sen io r execu t i ve of IBM wear ing a tee-sh i r t a n d a beard." 
A p p e a r a n c e s w e r e not d e c e p t i v e as Big B lue 's v i ce p res iden t for 
In ternet Techno logy , J o h n Patr ick, cap tu red the spir i t of t he confer 
e n c e . " P o w e r to t he peop le , " he s a i d , w o u l d be t he d r i v ing fo rce 
beh ind the c o m p u t i n g indus t ry as w e en ter the new m i l l enn ium. For 
if o n e th ing is a b u n d a n t l y clear, it's tha t the poli t ical geog raphy of 
i n fo rmat ion t e c h n o l o g y has b e e n t u r n e d on its h e a d by pe rsona l 
c o m p u t i n g a n d the Wor ld W i d e W e b . " S t a n d as ide , besu i ted co rpo 
rate e x e c u t i v e s " , c a m e the m e s s a g e . M a k e w a y for t he a l t ru is t ic 
geeks : the fu ture be longs to t h e m . 

It's rare to f ind s u c h an opt imis t ic b u n c h of p e o p l e . T h e pony-ta i l 
coun t may have been w a y a b o v e average and the wo rd " c o o l " still 
coo l , but W W W 8 de lega tes have the i r hear ts in the right p l a c e . T h e y 
are the o n e s w h o have m a d e the W e b , mot i va ted on ly by the fun of 
p lay ing wi th c o m p u t e r s a n d the bel ief tha t the W e b can m a k e the 
wor ld a bet ter p lace. S o m e w e r e c o n c e r n e d at Microsof t 's confer 
e n c e s p o n s o r s h i p . T h e r e w a s g r u m b l i n g tha t t he d e l e g a t e s ' pack 
inc luded c o m p l e m e n t a r y Microsof t C D - R O M s ( for W i n d o w s o n l y ) . 
" N e x t year," o n e de lega te w a s ove rhea rd to say, wh i le tuck ing into a 
sp r ing roll and s ipp ing C h a r d o n n a y at t he even ing recept ion (cour 
t esy of Bill G a t e s ) , "Mic rosof t will have bough t the Wor ld W i d e Web." 
However , his fears we re not un iversa l ly he ld . T h e r e is j us t t oo m u c h 
g rass - roo ts stuff go ing on ou t the re for o n e company , howeve r pow
er fu l , to take over comple te ly . 

I n f o r m a t i o n r e v o l u t i o n 
It m a y s e e m f rom the ou ts ide tha t t he in fo rmat ion revo lu t ion has 
a r r i ved , but in J o h n Patr ick 's v iew, "we ' re right at the b e g i n n i n g " . T h e 
W e b ' s inventor, T i m B e r n e r s - L e e , d o e s n ' t even go that far. T h e W e b 
we ' re go ing to s e e emerg ing over the c o m i n g d e c a d e , he be l ieves, is 
n o n e o ther t h a n the o n e he had runn ing a lmos t 10 years ago on an 
o b s c u r e c o m p u t e r ca l led a Next c u b e at C E R N . "Ask h im abou t c o n -
tro l -shi f t -N," sa id one de lega te , referr ing to the c o m b i n a t i o n of key 
s t rokes tha t ins t ruc ted tha t ea r l y b r o w s e r / e d i t o r to c rea te a n e w 
d o c u m e n t l inked to t he o n e y o u w e r e a l r e a d y in. T h a t s i m p l e 
m a n o e u v r e e n c a p s u l a t e s B e r n e r s - L e e ' s v i s i on of w h a t t he W e b 

Technical support at the World Wide Web conferences is traditionally s< 
wall, assembled during the conference to mark the Web's 10th anniver 
work, just for the pleasure of being there. 

Web inventor Tim Berners-Lee, seen here with his original Web 
browser, began his WWW8 presentation with a tribute to Mike 
Sendall, his boss at CERN in 1989 (who died on 15 July, see 
p42). With the Web, as with many inventions, credit is due to 
the people who did not say "no". Presented with Tim's original 
proposal, Mike scribbled on the cover the words "vague but 
exciting", and by saying "why not?" allowed the Web to happen. 

s h o u l d be , "a c o m m o n s p a c e in w h i c h w e cou ld all in te rac t " , a 
m e d i u m in w h i c h we 'd all be c r e a t o r s , not j us t c o n s u m e r s . 
E x p e d i e n c y p reven ted tha t real i ty f r om c o m i n g s o o n e r as Be rne rs -
Lee a n d his t e a m at C E R N c o n c e n t r a t e d on prov id ing W e b s e r v i c e s 
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plied by volunteers. The WWW8 crew is seen here in front of the Web history 
\ry. Volunteers pay their own way to get to the conference for a week's hard 

IBM Vice-President of Internet Technology John Patrick, with 
Internet personality Cynthia Clark. Patrick predicts that ordinary 
people will be the driving force behind the information 
revolution as we enter the new millennium. 

to t h e par t ic le phys i cs c o m m u n i t y l eav ing t he s tage f ree for t he 
e n t r a n c e of Mosa i c , a b r o w s e r w i th no ed i t ing capac i ty , in 1994. 

Even w h e n the pass ive W e b took off, Be rne rs -Lee did not a b a n d o n 
his d r e a m . To mos t users of t he W e b the cho ice of b rowsers c o m e s 
d o w n to t w o : N e t s c a p e Nav iga to r a n d In ternet Explorer . However , 
t he re ' s ac tua l l y a lot m o r e c h o i c e ava i l ab le . M a n y of t h e ear l y 
b rowse rs can still be f o u n d , a n d the re are new c o m p a n i e s tu rn ing 

out m o r e . T h e W e b c o n s o r t i u m ( W 3 C ) has p r o d u c e d a b r o w s e r / e d i 
tor, ca l led A m a y a , tha t a l lows the k ind of interact ive W e b use tha t 
Be rne rs -Lee env i saged f r om the start . If you w a n t to s e e w h a t t he 
W e b w a s m e a n t to be , o p e n Nav iga to r or Exp lo rer for the last t ime , 
go to " h t t p : / / w w w . w 3 . o r g " a n d c l ick o n " A m a y a b r o w s e r / e d i t o r " . 

I m p r o v i n g t h e W e b 
Con ten t tha t the W e b is f inal ly ca tch ing up wi th his or ig inal v i s i on , 
Be rne rs -Lee is n o w devo t ing his ene rg ies to improv ing it. T h e W e b ' s 
b iggest p rob lem is c a u s e d by its s u c c e s s . T h e r e ' s so m u c h i n fo rma
t ion out the re tha t it's o f ten hard to f ind w h a t you w a n t . T h e answer , 
acco rd ing to B e r n e r s - L e e , is w h a t he cal ls t he s e m a n t i c W e b . T h e 
kind of in fo rmat ion on the W e b t oday is unde rs tandab le to h u m a n s 
but not to c o m p u t e r s . If, for e x a m p l e , B e r n e r s - L e e w a n t e d to buy a 
ye l low car in M a s s a c h u s e t t s a n d his n e i g h b o u r w a n t e d to sel l a 
p r imrose au tomob i l e in B o s t o n , h o w w o u l d his sea rch eng ine k n o w 
that w h a t he w a n t e d w a s right on his d o o r s t e p ? If a cu r ren t W 3 C 
project is success fu l , s o m e kind of logical s c h e m a will tell the sea rch 
eng ine that p r imrose is j us t a k ind of ye l low and that a u t o m o b i l e s 
and cars are in fac t t he s a m e th ing. 

Rem ind ing de lega tes tha t there 's no th ing new under the S u n w a s 
IBM's J o h n Patr ick w h o spe l led ou t his v i s ion of how the In ternet is 
po i sed to c h a n g e ou r l i ves. T o p of his list of next big t h i ngs w a s 
instant m e s s a g i n g , wh i ch is jus t a r o u n d the corner . Cur ious ly fami l 
iar to a n y o n e w h o u s e d B I T N E T or D E C N E T in t he 1980s , ins tan t 
m e s s a g i n g is a sor t of ha l fway h o u s e b e t w e e n e-mai l a n d the te le
p h o n e . Patr ick d e m o n s t r a t e d IBM's ve rs ion by typ ing in " H o w is the 
wea the r in He ide lbe rg " to a co l l eague in Ge rmany . Ou t b o o m e d the 
mechan i ca l w o r d s "Wie ist das Wetter in Heidelberg", f o l l owed , p re
s u m a b l y after the He ide lbe rger had t y p e d " E s ist kalt und regner-
isch", by "It is co ld a n d ra iny" . T h a t ' s f ine if all you w a n t to d o is 
d iscuss the weather , but IBM's t rans lat ion so f tware might have p rob
l ems w i th m o r e c o m p l e x t op i cs . N e v e r t h e l e s s , it s e r v e d to s h o w 
what ' s c o m i n g . 

E - b u s i n e s s 
Symbio t ic v ideo c a m e next on Patrick's l is t .That 's cl ickable te levis ion 
to you a n d m e . A co f fee a d v e r t i s e m e n t t ook us to a W e b site w h e r e , 
y o u ' v e g u e s s e d it, y o u cou ld o rde r co f fee to be de l i ve red to y o u r 
door. T h i s is an e x a m p l e of w h e r e e - b u s i n e s s migh t be tak ing us 
a n d , as a n y o n e w h o ' s l ooked at an IBM adve r t recen t l y k n o w s , 
e -bus iness is IBM's next real ly big th ing. De f ined on their W e b pages 
as " the t rans fo rmat ion of key bus iness p r o c e s s e s th rough the use of 
In te rne t t e c h n o l o g i e s " , e - b u s i n e s s , s a y s Patr ick, wil l f o r ce a n e w 
charac te r on to the k e y b o a r d . (I don ' t have o n e , so to s e e w h a t he 
m e a n s you ' l l h a v e to look at IBM's W e b s i te yourse l f , 
" h t t p : / / w w w . i b m . c o m / " ) W h a t it boi ls d o w n to is bus i nesses m a x i 
miz ing their potent ia l t h rough c o m p u t e r s a n d the W e b wi th the he lp , 
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Metca l fe h a d 
p red i c ted tha t t h e 

of cou rse , of IBM. 
Educa t i on is a l ready benef i t 

ing f rom the W e b . L E G O ' S h igh 
tech p r o g r a m m a b l e M i n d s t o r m s COming 12 m o n t h s 
invi tes y o u n g eng inee rs to s u b - . , 
mit their best des igns and p ro - WOUlCl See an 
g r a m s to a W e b s i te ( " h t t p : / / In te rne t 
w w w . l e g o m i n d s t o r m s . c o m / " ) . l u r i a i ^ n o n 

M i n d s t o r m s i m p r e s s e d Patr ick U i g d i c i p D c . o u 
so m u c h that he felt insp i red to c o n f i d e n t Was he 
s u b m i t his o w n , but w a s d is - . . . , 
t r essed to f ind that the "da te of

 t f i a t he p rom iSeu 10 
b i r th " cho ice on ly w e n t back to qq\ w o r d s if 
1970, so that 's w h a t he c l i cked. . . , , 
T h e M i n d s t o r m s d e s i g n tha t ti l e re haO not Deen 
m o s t i m p r e s s e d h im w a s o n e . T w o y e a r s later, 
p o s t e d by s o m e o n e w h o h a d , . , £ 

cl icked on 1992. he t o o k a c o p y of 
C a n the Internet hand le all of h is C0IUI7W a n d ate 

t h e s e n e w big t h i n g s ? Y e s , . - .. 
be l i eves Patr ick. B a n d w i d t h is TOT all tO See . 
b o o m i n g , a n d the m u c h - t o u t e d 
a d d r e s s - s p a c e p rob lem - s imp l y runn ing out of new a d d r e s s e s -
will s o o n be a th ing of the p a s t . T h e next ve rs ion of the In ternet p ro
toco ls wil l br ing e n o u g h a d d r e s s e s for e v e r y p ro ton , acco rd i ng to 
Patr ick. "Tha t ough t to do it." 

T h e r e w e r e no s u r p r i s e s f r o m G r e g P a p a d o p o u l o s , Ch ie f 
T e c h n o l o g y Off icer at S u n M ic rosys tems . He looks fo rward to the day 
w h e n c o m p u t e r s will not n e e d to rely on comp l i ca ted pro toco ls to 
talk to e a c h o ther a n d to per iphera l dev i ces . I ns tead , the re will be 
jus t one s imp le protoco l a n d it will be used for s e n d i n g "ob jec t s " -
execu tab le p r o g r a m m e s - a r o u n d the W e b . C o m i n g f rom the c o m 
pany that f i l led our W e b pages wi th J a v a app le ts , wha t e lse cou ld he 
be expec ted to say? T h e e x a m p l e he gave w a s pr int ing f rom a W e b 
p h o n e , a d e v i c e still far f r o m m o s t peop le ' s e v e r y d a y real i ty but 
fami l iar to W W W 8 con fe rence -goe rs . O n e w a y to do that wou ld be to 
de f ine speci f ic h igh- level p ro toco ls for the pu rpose and s tandard i ze 
t h e m . S u n ' s pre fer red route is to s tanda rd i ze the bas ic pro toco l for 
send ing bytes ac ross the network , ef fect ively a l ready d o n e , and then 
use it to s e n d ob jec ts to c reate a d is t r ibuted app l ica t ion . T h e phone 
a n d the pr inter wou ld t hen c o m m u n i c a t e t h rough that app l i ca t ion . 

P a t e n t s 
Con fe rence co-cha i r Murray Ma loney began the c los ing p lenary ses 
s i on by p resen t i ng t he Yur i R a b i n s k y a w a r d to R i cha rd S t a l l m a n . 
R a b i n s k y w a s a p ioneer of t he O p e n So f twa re m o v e m e n t mak ing 
S t a l l m a n , f o u n d e r of the Free So f twa re Founda t i on a n d au thor of 
the operat ing sys tem G N U ( G N U ' s Not Unix, " h t t p : / / w w w . g n u . o r g / " ) , 
an appropr ia te rec ip ient a n d Microsof t an unl ikely s p o n s o r of t he 
a w a r d . T h i s w a s an i rony not lost on S t a l l m a n w h o g rac ious l y 
a c c e p t e d the award whi le urg ing v ig i lance aga ins t t h o s e w h o wou ld 
pa ten t eve ry th ing . His a c c e p t a n c e s p e e c h , de l i vered by cab le f rom 
Cal i fo rn ia , b rough t to a h e a d a s u b - t h e m e of the c o n f e r e n c e . 

In t he U S , s o f t w a r e c a n be p a t e n t e d a n d in T i m B e r n e r s - L e e ' s 
op in ion , " the bar for wha t ' s pa ten tab le is far too low". A s a c o n s e 

q u e n c e , a subs tan t ia l par t of W 3 C ' s ene rg ies are t ied up in f ight ing 
pa ten t app l i ca t i ons cove r i ng th ings tha t t he c o n s o r t i u m be l ieves 
s h o u l d be s t a n d a r d s . S t a l l m a n u rges E u r o p e not to s u c c u m b to 
Amer i can p ressure to adop t so f tware pa ten ts . " ! ask eve ryone w h o is 
a ci t izen of the E u r o p e a n Union, " he s a i d , " to take a look at the W e b 
site 'www. f reepa ten ts .o rg ' . " His par t ing sho t w a s to urge the a w a r d 
commi t t ee to keep a s e n s e of p ropor t i on . "It 's more important," he 
s a i d , " to keep s a f e f r o m t h e s o f t w a r e pa ten t s t h a n to keep t he 
awa rds rolling." 

To s u m u p , B o b Metca l fe s i ng led ou t t he s e m a n t i c W e b of 
T i m B e r n e r s - L e e , w h o m he re fer red to as " T h e Duke of URL" ( p r o 
n o u n c e d " E a r l " ) , as t he pr inc ipa l s u b j e c t of t he c o n f e r e n c e . H e 
c h e c k e d on Patr ick 's asser t ion tha t w e are right at the beg inn ing by 
ca lcu lat ing that jus t 2 .5% of the wor ld 's popu la t ion is current ly c o n 
nec ted to the I n t e r n e t . T h e r e w a s a lso a b roken i l lusion in s tore for 
Patr ick. Me tca l fe a d m i t t e d tha t he 'd v i s i ted t he M i n d s t o r m s W e b 
si te, submi t t ed a des ign a n d c l icked on the 1992 bu t ton . 

P r e d i c t i o n s 
A pundi t 's role is to st ick his neck out , a n d Metca l fe is f a m o u s for 
do ing that . Four years ago a t W W W 4 , he pred ic ted that the c o m i n g 
12 m o n t h s wou ld s e e an Internet " G i g a l a p s e " - a s ingle ne twork out
age that wou ld cost a billion man -hou rs . S o conf ident w a s he that he 
p romised to eat his w o r d s if there had not been o n e . T w o years later, 
at W W W 6 , he took a copy of his c o l u m n a n d ate it for all to s e e . T h e 
year 's b iggest ou tage had been es t ima ted at a tenth of a G iga lapse . 

A m o n g his p red ic t ions at W W W 8 w a s , aga in , the G iga lapse , but 
th is t ime wi th no p r o m i s e s a t t a c h e d . Metca l fe a lso be l ieves tha t 
m ic rocharg ing is j us t a r o u n d the corner . He s u r v e y e d his readers to 
f ind out how m u c h they 'd be p repa red to pay to read his c o l u m n . 
0.2 cen ts c a m e the reply, but, wi th hal f a mil l ion readers , he 's qu i te 
h a p p y a b o u t tha t . He h a d b a d n e w s for both M ic roso f t a n d 
S t a l l m a n , p red ic t ing tha t t he f o r m e r h a s p e a k e d but t he lat ter 's 
O p e n S o u r c e will still never ca tch Mr G a t e s . T h e Internet s tock b u b 
ble, he p red i c ted , will burs t on 8 N o v e m b e r 1999. 

H o w cou ld he be s o bo ld? He w a s recent ly invi ted to a mee t ing of 
v e n t u r e cap i ta l i s ts a n d a s k e d his o p i n i o n on th is . A f te r ca re fu l l y 
exp la in ing tha t he k n e w no th ing of s t o c k marke t s , he to ld t h e m 
8 N o v e m b e r a n d w a s a m u s e d to s e e t h e m all wr i t ing it d o w n . Y 2 K 
will be a non -even t . " W h y ? " he asked himsel f . "Are c o m p u t e r s reli
a b l e ? " he rep l i ed . "And anyway, " he w e n t o n , "31 D e c e m b e r is a 
Fr iday so we' l l have the w h o l e w e e k e n d to sor t th ings out." S o on 
that note , de lega tes we re ab le to leave the con fe rence look ing for
w a r d to a restful last n ight of t he m i l l e n n i u m , w h a t e v e r yea r t hey 
h a p p e n to be l ieve tha t migh t occur . 

J a m e s G i l l i e s , CERN. 

CERN Courier n e w s ed i to r James Gillies is cu r ren t l y w o r k i n g 
w i th R o b e r t Ca i l l i au o f C E R N o n a b o o k a b o u t t h e h i s to ry of t h e 
W o r l d W i d e W e b . D u e to be p u b l i s h e d ea r l y nex t y e a r by O x f o r d 
Un ive rs i t y P r e s s , How the Web was Born wi l l t r ace t h e h i s to ry of 
t h e W e b f r o m t h e f i rs t m u r m u r i n g s of a n idea b a c k in t he 1940s 
to t h e m id -1990s , w h e n t h e W e b t o o k t h e w o r l d by s t o r m . 
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ASIA 

Pakistani physics 
With LHC increasingly a focus for world physics, distant communities become key partners 
in the preparations for the big experiments. In Pakistan, an annual International Summer 

College on Physics and Contemporary Needs provided an Asian platform for CERN physics. 
T h e s u m m e r heat p resses 
d o w n re len t less ly on t he 
p la ins of Pak is tan , but the 
hills over look ing the cap i 
tal city of I s l amabad f rom 
the north perch above the 
wo rs t of the s t e a m y b l an 
ket, a n d in on ly an hou r 
a n d a half 's dr ive the mer
c u r y d r o p s f r om 40 to 
25 °C. Historically, towns in 
the Mur ree Hills have been 
t he t rad i t iona l s u m m e r 
re t reat for local a d m i n i s 
t ra t ions, but wi th improved 
c o m m u n i c a t i o n s they now 

The opening of the 1999 International Nathiagali Summer College on 
Physics and Contemporary Needs at the National Library Islamabad. 
Left to right: summer college scientific secretary Syed Arif Ahmad, chair
man of the Pakistan Atomic Energy Commission Ishfaq Ahmad, Pakistan 
National President Muhammad Rafiq Tarar, technical member of the 
PAEC and College Organizing Committee chairman Samar 
Mubarakmand and National Centre for Physics director Riazuddin. 

c o m p u t i n g a n d n a n o t e c h -
n o l o g y dur ing t he s e c o n d 
week . S tuden ts c a m e f rom 
all over Pakis tan and f rom 
n e i g h b o u r i n g coun t r i es in 
Centra l As ia . 

Pakis tan 's increas ing in
v o l v e m e n t in exper imen ta l 
part icle phys ics w a s ref lec
ted in the lec tu res on 
h igh -ene rgy phys ics . Pres 
en ta t i ons w e r e g i ven by 
Hafeez Hoorani of C E R N on 
the sub jec t of W Phys ics at 
LER Fel ici tas Pauss of E T H 
Zu r i ch on Phys i cs at t he 

PAKISTAN el 
th rong wi th p la ins-dwel lers 
eager to e s c a p e the opp ress i ve heat below. 

S i n c e 1974 the M u r r e e Hil ls have a lso b e e n the 
s c e n e of a notab le annua l phys ics event . In Pakistani 
phys i cs , t he in f luence of t he late A b d u s S a l a m , the 
first Pakistani to be a w a r d e d a Nobe l Pr ize, is eve r y 
w h e r e . T h r o u g h o u t t he w o r l d , S a l a m is r e m e m b e r e d 
for his phys i cs con t r i bu t i ons a n d for f o u n d i n g the 
In ternat ional Cent re f o r T h e o r e t i c a l Phys ics in Tr ieste, 
Italy, wh ich now bears his n a m e . In 1974 he a lso sug 
ges ted se t t ing up a regu lar in te rna t iona l f o r u m in 
Pak is tan , to attract sc ient is ts f rom all over the wo r l d , 
par t i cu la r ly f r om the d e v e l o p i n g coun t r i es . S a l a m 
k n e w tha t t h e s e sca t t e red sc ien t i s t s c a n eas i l y 
b e c o m e isolated and often lack the con tac t so neces 
s a r y to keep pace w i th , and cont r ibu te to , c o n t e m p 
o ra ry resea rch . 

T h e s u m m e r co l lege w a s e s t a b l i s h e d at the leafy 
haven of Nathiagal i (a t 2 6 0 0 m ) , the fo rmer site of the 
s u m m e r res idence of the North Wes t Frontier Prov ince. More recent ly 
t he Co l lege has m o v e d to a m o d e r n tour is t c o m p l e x in B h u r b a n , 
over look ing the J h e l u m Val ley a n d fac ing the foothi l ls of Kashmir . 

T h e s u m m e r col leges have at t racted a prest ig ious list of speake rs , 
e a c h year hav ing spec ia l keyno te top ics . Th i s year the 25 th Inter
nat ional Nathiagal i S u m m e r Col lege on Phys ics and C o n t e m p o r a r y 
N e e d s f o c u s e d on th ree t h e m e s : h igh -ene rgy phys ics and acce le ra 
to r -d r i ven f i ss ion in the f irst w e e k ; a n d laser coo l i ng , q u a n t u m 

S C I E N T I S T S OF P A K I S T A N 
DR. ABDUS SALAM 

A new Pakistani postage 
stamp commemorates 
Abdus Salam, co-
architect of the unified 
electroweak unification. 

L H C , Danie l Treil le of C E R N 
on the S t a n d a r d Mode l a n d Phys ics at LERTe j i nde r 
V i r d e e of C E R N a n d L o n d o n ' s Imper ia l Co l lege on 
L H C Detec tors , and O s w a l d Grobne r of C E R N on the 
L H C m a c h i n e . 

In t he lec tu res on acce le ra to r -d r i ven f u s i o n , 
J e a n - P i e r r e Revo l of C E R N desc r i bed e x p e r i m e n t s 
by Car lo Rubb ia ' s g roup and spoke of fu ture p lans 
at C E R N , whi le Gun te r Baue r and S a n d r a Pelloni of 
t he S w i s s PSI Inst i tute cove red acce le ra to r -d r i ven 
reac to rs a n d neu t ron reac t ion rates respect ive ly . 
G iovann i A m b r o s i of G e n e v a spoke on the A M S par
ticle phys ics exper iment in s p a c e , and CERN Courier 
edi tor G o r d o n Fraser s u r v e y e d s o m e recent h is tory 
in "Phys i cs and the 20 th cen tu r y " . 

S ince Sa lam 's death in 1996, the col lege has fea 
tu red a S a l a m M e m o r i a l Lec tu re , w h i c h th is y e a r 
w a s g iven by d is t inguished theor ist Sergio Ferrara of 
C E R N , speak ing on " S u p e r s p a c e and supergrav i ty -

the ques t for un i f ica t ion" . 
A t t he off icial i naugu ra t i on of t h e s u m m e r co l lege , he ld at t he 

Nat ional L ibrary in I s l a m a b a d , a new co l labora t ion a g r e e m e n t w a s 
s igned be tween C E R N and Pak is tan 's recent ly es tab l i shed Nat iona l 
Cent re for Phys ics (CERN Courier March p5 ) . Pakis tan 's Pres ident , 
M u h a m m a d Raf iq Tarar, sa id he h o p e d that the co l laborat ion wou ld 
f lour ish and that s u c h in ternat ional ven tu res wou ld s t reng then c o n 
tacts be tween Pakis tan a n d the rest of the wo r l d . • 
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NEW PARTICLES 

Looking for Higgs 
and supersymmetry 
The Higgs particle is the missing link in 
today's particle physics. Is the Higgs just 
round the corner, or do we have to be 
patient? Likewise, supersymmetry could 
soon make a dramatic stage entry? A recent 
meeting in Florida assessed the chances. 
S o m e of the mos t compe l l ing ques t ions in part ic le phys ics today 
are to do with the Higgs boson and s u p e r s y m m e t r y ( S U S Y ) . Is the 
Higgs m e c h a n i s m respons ib le for e lec t roweak s y m m e t r y breaking 
a n d the or igin of m a s s ? C a n S U S Y ( the s y m m e t r y unde r wh ich 
bosons and fe rm ions are equ iva lent in nature which thus predicts 
that for every part icle there is a par tner "spar t ic le" ) point the way to 
the u l t imate uni f icat ion of f o r ces? W h e r e is the H iggs? W h e r e is 
S U S Y ? How can they be f ound? W h a t if we don ' t f ind t h e m ? 

To a d d r e s s t hese ques t i ons in d e p t h , more than o n e hund red 
physic ists gathered at the Univers i ty of Flor ida, Gainesv i l le , for the 
international conference entit led Higgs and Supe rsymmet r y : Search 
and Discovery, earl ier this year. 

T h e goal of the con fe rence w a s to prov ide a fo rum for physic ists 
involved in Higgs and s u p e r s y m m e t r y sea rches in wh ich the present 
s ta tus of the research could be s u m m a r i z e d and new direct ions for 
sea rches and the potent ial for d i scovery es tab l i shed. 

T h e conference agenda focused on Higgs and S U S Y presentat ions 
(see "h t tp : / /www.phys .u f l .edu /~r f ie ld /h iggs_susy .h tml " ) . One excep
t ion w a s M Sp i ro 's ( C E A / S a c l a y ) ta lk on dark matter. Even then 
S U S Y w a s in the l imelight: the l ightest supe rsymmet r i c part icle is 
one of the best cand ida tes for dark mat ter in the un iverse. 

T h e e l u s i v e S t a n d a r d M o d e l 
G Altarell i ( C E R N / R o m e 3 ) po in ted out in his presentat ion on " T h e 
S tandard E l e c t r o w e a k T h e o r y and b e y o n d " that, in spite of the great 
exper imental work done in the 1990s, which included high-precision 
e lec t roweak m e a s u r e m e n t s at LEP ( C E R N ) and S L C ( S L A C , 
S tan fo rd ) and the d i s c o v e r y of t he top quark at the Tevat ron 
(Fermi lab ) , a clear v iew beyond the S tandard Model ( S M ) cont inues 
to e lude researchers . Even s o , there are good reasons for op t imism 
in the com ing d e c a d e as C E R N ' s LEP2 e lec t ron -pos i t ron col l ider 
con t i nues t o w a r d s its h ighes t ach ievab le b e a m e n e r g y ( a r o u n d 
100 G e V ) , and surpr ises may be jus t a round the corner. 

Discussing new particle prospects. Left to right: Guenakh 
Mitselmakher (Florida), Marcela Carena (Fermilab), Hitoshi 
Murayama (Lawrence Berkeley Laboratory) and Michael 
Schmitt (Harvard). 

At the s a m e t ime , physic ists at Fermi lab 's Tevatron coll ider, the 
s c e n e of the C D F and DO expe r imen ts , get ready to f inal ize thei r 
upgrades for Run 2 . T h e increased col l is ion energy ( 2 T e V ) and the 
large data s a m p l e s expec ted in the first two years of running ( f rom 
integrated luminosi t ies of 2 f b " 1 or more : 20 t imes those gathered 
prev ious ly) may be the key to f inding the Higgs and SUSY. 

Jus t over the hor izon the A T L A S and C M S exper iments at C E R N ' s 
LHC col l ider awai t their turn to push back the high energy frontier. 
However the Higgs cou ld be nearby. T h e mos t recent fit results of 
prec ise e lec t roweak m e a s u r e m e n t s , d i scussed by F R ichard 
( L A L - O r s a y ) , favour a relat ively l ight S t a n d a r d Mode l ( S M ) Higgs 
(91 +71 -41 G e V ) . T h e newest results on the S M Higgs search f rom 
L E P 2 , wi th e lec t ron-pos i t ron annihi lat ion produc ing a Higgs with a 
Z part icle ( the fo rmer decay ing into a beauty ["b"] quark and ant i -
quark and the Z to any quark a n d an t iquark be ing the p r ima ry 
search c h a n n e l ) , g ive a Higgs m a s s greater than 95.5 G e V ( 9 5 % 
c.l.)- LEP 's u l t imate sensi t iv i ty to the S M Higgs is expec ted to be 
be tween 105 and 110 G e V . T h e w i n d o w for d iscovery remains o p e n . 

T h e cur ren t Teva t ron H iggs s e a r c h e s , desc r i bed by E Barber is 
(Be rke l ey ) , f ocus on Higgs p roduc t ion assoc ia ted wi th W or Z 
bosons . T h e levels for t hese p rocesses are still an order of magn i 
tude away f rom the S M expec ta t i on . T h e Tevat ron 's reach dur ing 
Run 2 and b e y o n d , p resen ted by M Ca rena (Fe rm i lab ) , has been 
s tud ied ex tens ive ly at the Run 2 S U S Y / H i g g s w o r k s h o p ( s e e 
"h t t p : / / f n t h37 . f na l . gov / susy .h tm l " ) . 

For a Higgs m a s s less than abou t 130 G e V the Higgs decays pre
dominant ly into b -quarks .The key to the analys is is to have excel lent 
b-tagging capabi l i t ies and good ene rgy resolut ion for b-quark je ts 
(to reconst ruct a nar row Higgs m a s s peak over the qua rk -g luon jet 
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Daniel Denegri (CEA/Saclay) and a Florida alligator. 

b a c k g r o u n d ) . For the S M Higgs , upda ted resul ts s h o w that , wi th an 
in tegrated luminos i ty of 2 fb 1 per expe r imen t , t he 9 5 % exc lus ion 
limit can reach abou t 115 GeV. However , in 10 f b - 1 th is sens i t iv i ty 
can reach abou t 185 G e V a n d , if the Higgs is in that m a s s range, a 
s ignal cou ld be de tec ted for a m a s s of less than 125 G e V or of 150 
to 175 G e V ( w h e n t he H iggs d e c a y into W pai rs d o m i n a t e s the 
b -quark -an t iqua rk decay favou red at the lower Higgs m a s s e s ) . 

A n in tegra ted luminos i t y of s o m e 50 f b - 1 , a l t hough dif f icult to 
env i sage , wou ld be ab le to exc lude a Higgs be low 180 GeV. Beyond 
the S M , w h e r e new part ic les enter the g a m e , the coup l ing s t rengths 
of the Higgs par t ic le (s) can c h a n g e and affect the o u t c o m e . In the 
popu la r Min imal S u p e r s y m m e t r i c ex tens ion to the S M ( M S S M ) , two 
Higgs doub le ts result in f ive phys ica l s ta tes , the m a s s e s of wh ich 
can be de te rm ined by two pa rame te rs . Radia t ive co r rec t ions 'ow ing 
to the s ix th " t o p " qua rk a n d " s t o p " ( s u p e r s y m m e t r i c t o p ) c a n be 
large. 

T h e mode l predic ts the l ightest S U S Y Higgs at 130 GeV. However , 
the react ion rates at the Teva t ron for t he M S S M c h a n n e l s c a n , at 
best , be on ly sl ight ly larger t han the S M in s o m e par ts of the k ine-
mat ica l ly a l lowed region but mos t l y t hey are expec ted to be s o m e 
w h a t smal ler . Sti l l , w i th e n o u g h col l is ions, the l ightest S U S Y Higgs 
s e e m s to be wi th in t h e T e v a t r o n ' s reach in Run 2. 

Limits f rom LEP on M S S M Higgs m a s s e s cur rent ly reach abou t 
8 5 G e V a n d wil l i n c rease . T h e H iggs s e a r c h e s at LEP a n d the 
upcom ingTeva t ron run are def in i te ly wor th keep ing a c lose t rack o n . 
A surpr ise cou ld be in s tore before the onse t of the L H C , wh ich has 
the goal of u l t imately reach ing 3 0 0 f b - 1 in 10 or so years of runn ing , 
at a col l is ion ene rgy of 14TeV, a n d f ind ing all there is to be f o u n d . 

T h e p rospec ts for H iggs a n d S U S Y at t he L H C were c o v e r e d by 
K J a k o b s ( M a i n z / A T L A S ) a n d D Denegr i ( S a c l a y / C M S ) . Ex tens ive 
de tec to r s imu la t ions of all re levant H iggs c h a n n e l s have been per
f o r m e d to unders tand the va r ious de tec to r ef f ic iencies a n d reso lu -

t ions needed to opt imize the physics y ie ld . Excel lent lepton and pho 
ton detec t ion a n d b-quark tagg ing are pa ramoun t . W i th 3 0 f b " 1 of 
in tegrated luminos i ty expec ted after th ree years of runn ing , a n d by 
c o m b i n i n g all s i g n a t u r e s , bo th de tec to r s s h o w the capab i l i t y of 
detect ing the S M Higgs unequ ivoca l l y up to a m a s s of I T e V . 

T h e S M Higgs m a s s can be m e a s u r e d wi th a prec is ion of 0.1% 
up to m a s s e s of s o m e 4 0 0 GeV. 

If the d e c a y s of M S S M Higgs b o s o n s to S U S Y part ic les are not 
a l lowed k inemat ical ly , t hen at the L H C the full pa ramete r s p a c e can 
readi ly be c o v e r e d . O p e n decay c h a n n e l s p roduc ing S U S Y part ic les 
compl i ca te the Higgs s e a r c h e s , but still a good f ract ion of the avai l 
ab le pa rame te r s p a c e can be p r o b e d . 

If S U S Y exists at the e lec t roweak sca le , the LHC will d i scover it 
easily. G lu inos and s q u a r k s ( the s u p e r s y m m e t r i c par tners of g luons 
and q u a r k s ) , up to m a s s e s of a b o u t 2 T e V , will be cop ious l y p ro 
d u c e d and thei r d e c a y s will g ive s igna tu res that differ s igni f icant ly 
f rom the S M . S lep tons ( the leptons ' S U S Y par tners) can be de tec ted 
direct ly up to abou t 4 0 0 GeV. 

T h e s ta tus of the LEP S U S Y s e a r c h e s w a s rev iewed by M Schmi t t 
( H a r v a r d ) . A s lew of s e a r c h e s for gaug inos , squa rks a n d s lep tons 
have y ie lded l imits on S U S Y m a s s e s in the 80 to 95 G e V range. In 
addi t ion to the M S S M m o d e l , o ther m o d e l s have been a d d r e s s e d 
but no s igna ls have been o b s e r v e d . 

S U S Y s e a r c h e s at t he T e v a t r o n , c o v e r e d in par t by D S tua r t 
(Fe rm i l ab ) , are a lso a busy industry, a n d in m a n y c a s e s the k ine
mat ic reg ion , exc luded by the LEP expe r imen ts , has a l ready b e e n 
ex tended signi f icant ly: the sbo t tom (s top ) m a s s limits have reached 
148 (119) G e V and the g lu ino l imits a lmos t 270 GeV. 

P r o m i s i n g i n d i c a t i o n s 
At D E S Y ' s H E R A e lec t ron -p ro ton col l ider, " look ing for n o n - S t a n d a r d 
Mode l ef fects is al ive a n d well ," a f f i rmed F Sciul l i ( C o l u m b i a ) , w h o 
s h o w e d that p romis ing ind icat ions in the large-x ( large m a s s in the 
e lec t ron -p ro ton col l is ion) region pers ist in data f rom both the Z E U S 
and the H I expe r imen ts . 

Higgs and S U S Y p rospec ts at t he p r o p o s e d Next L inear Col l ider 
( N L C ) , M u o n Col l ider a n d V e r y Large H a d r o n Col l ider were cove red 
by D Burke ( S L A C ) , J Lykken (Fe rm i l ab ) a n d D Den isov (Fe rm i l ab ) 
respect ively. 

H Baer (F lor ida S ta te ) d i s cussed the in ter face be tween theor is ts 
a n d expe r imen ta l i s t s in t he con tex t of s imu la t i ons b e y o n d S M 
phys ics , and G Kane (M ich igan ) p red ic ted that , un less w e are m iss 
ing s o m e basic ideas , in t he next six years or so S U S Y part ic les and 
the light S U S Y Higgs will be d i scove red e i ther at LEP or at Fermi lab . 

In the f inal p resen ta t i on of t he c o n f e r e n c e , J Bagger ( J o h n s 
Hopk ins ) a rgued that p e r h a p s not all spar t i c les may be light, g iven 
that several rare p rocesses , such as lepton-f lavour violat ion and pro
ton decay, prefer unnatura l l y heavy sca la r par t ic les ( in the 5 - 1 0 T e V 
range) . Superna tu ra l l y s u p e r h e a v y s u p e r s y m m e t r y p rov ides a s c e 
nario in wh ich the superpar t i c les m a s s s p e c t r u m is the reverse of 
wha t is e n c o u n t e r e d w i th o r d i n a r y par t ic les , but still has e n o u g h 
part ic les be low the s e a r c h a b l e 1 T e V sca le . 

A s con fe rence par t ic ipants h e a d e d for o ther Flor ida at t ract ions, 
the feel ing w a s tha t the near fu ture in part ic le phys ics w a s as br ight 
as the s u n s h i n e . 

J a c o b o K o n i g s b e r g , University of Florida. 
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PARTICLE DECAYS 

K for KLi 
The first kaons from the new DAFNE 
phi -meson factory at Frascati 
underline a fascinating chapter in 
the evolution of particle physics. 

A s r e p o r t e d in t h e J u n e i s s u e ( p 7 ) , in m i d - A p r i l t h e n e w 
D A F N E p h i - m e s o n f a c t o r y a t F r a s c a t i b e g a n o p e r a t i o n , 
w i t h t h e K L O E d e t e c t o r l o o k i n g a t t h e p h y s i c s . 

T h e D A F N E e l e c t r o n - p o s i t r o n co l l i de r o p e r a t e s a t a 
to ta l co l l i s ion e n e r g y o f 1 0 2 0 M e V , t h e m a s s o f t h e p h i -
m e s o n , w h i c h p re fe rs t o d e c a y in to pa i rs o f k a o n s . T h e s e 
d e c a y s p r o v i d e a n e w s t a g e to i nves t i ga te C P v i o l a t i o n , 
t h e s u b t l e a s y m m e t r y t h a t d i s t i n g u i s h e s b e t w e e n m a t 
t e r a n d a n t i m a t t e r . M o r e k n o w l e d g e o f C P v i o l a t i o n is 
t h e k e y t o a n i n c r e a s e d u n d e r s t a n d i n g o f b o t h e l e m e n 
t a r y pa r t i c l es a n d B ig B a n g c o s m o l o g y . 

S i n c e t h e d i s c o v e r y o f C P v i o l a t i o n in 1 9 6 4 , n e u t r a l 
k a o n s h a v e b e e n t h e c l a s s i c s c e n a r i o fo r C P v i o l a t i o n , 
p r o d u c e d a s s e c o n d a r y b e a m s f r o m a c c e l e r a t o r s . T h i s 
is n o w c h a n g i n g a s n e w C P v i o l a t i o n s c e n a r i o s o p e n u p 
w i t h B pa r t i c l es , c o n t a i n i n g t h e f i f th q u a r k - " b e a u t y " , 
" b o t t o m " or s i m p l y " b " ( J u n e p 2 2 ) . 

A l t h o u g h sti l l o n t h e n e u t r a l k a o n b e a t , D A F N E o f f e r s 
a t t r a c t i v e n e w e x p e r i m e n t a l p o s s i b i l i t i e s . K a o n s p r o 
d u c e d v i a e l e c t r o n - p o s i t r o n a n n i h i l a t i o n a r e p u r e a n d 
u n c o n t a m i n a t e d by b a c k g r o u n d , a n d h a v i n g t w o k a o n s 
p r o d u c e d c o h e r e n t l y o p e n s u p a n e w s e c t o r o f p r e c i 
s i o n k a o n i n t e r f e r o m e t r y . T h e d a t a a r e e a g e r l y a w a i t e d . 

S t r a n g e d e c a y 
A t f i rs t s i g h t t h e f ac t t h a t t h e ph i p r e f e r s t o d e c a y in to 
p a i r s o f k a o n s s e e m s s t r a n g e . T h e ph i ( 1 0 2 0 M e V ) is 
o n l y s l i g h t l y h e a v i e r t h a n a p a i r o f n e u t r a l k a o n s 
( 4 9 8 M e V e a c h ) , a n d k i n e m a t i c a l l y t h i s d e c a y is v e r y 
c o n s t r a i n e d . A t f i rs t s i g h t , ph i d e c a y v i a a r h o - m e s o n 
( 7 7 0 M e V ) a n d a p i o n ( 1 4 0 M e V ) s h o u l d b e eas ie r . 

T h e p h i - m e s o n w a s f i rs t s e e n in b u b b l e c h a m b e r 
e x p e r i m e n t s a t B r o o k h a v e n in 1 9 6 2 . A s u b s e q u e n t 
p a p e r , p u b l i s h e d t h e f o l l o w i n g yea r , o u t l i n e d t h e p r o p 
e r t i es o f t h e n e w pa r t i c l e . 

In 1 9 6 3 t h e n a m e o f t h e g a m e w a s to a s s i g n p a r t i c l e s in to S U 3 
mu l t ip le ts , t h e E igh t fo ld W a y o f G e l l - M a n n a n d N e ' e m a n . S U 3 h a d to 
be s o m e re f l ec t i on o f a n u n d e r l y i n g s y m m e t r y . A t t h e t i m e , p h y s i 
c is ts h a d little i dea w h a t th i s s y m m e t r y w a s , o t h e r t h a n t ha t it h a d to 
h a v e a t h r e e f o l d s t r u c t u r e . Q u a r k s h a d no t y e t b e e n t a l k e d a b o u t . 

The decay of a phi-meson into two kaons, as seen in the KLOE detector at 
the Frascati DAFNE phi factory. 

T h e 1 9 6 3 p a p e r s a i d t h a t t h e ph i w a s a " v e c t o r " ( s p i n - o n e , n e g a 
t i ve p a r i t y ) m e s o n . It c o u l d b e a c c o m m o d a t e d a s a n S U 3 s ing le t , 
s u p p l e m e n t i n g a n o c t e t o f o t h e r v e c t o r m e s o n s , t h e r h o a n d i ts 
c o u s i n s . 

G e o r g e Z w e i g , j u s t c o m p l e t i n g h is P h D at C a l t e c h u n d e r R i c h a r d 
F e y n m a n , l o o k e d a t t h e p a p e r a n d w a s i m m e d i a t e l y i n t r i gued by t h e 
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...and Z for Zweig 
huge s ignal for the 
decay into two kaons, 
right at the edge of 
the k inemat ical ly all
owed reg ion , whi le 
the apparent ly easier 
rho -p i decay w a s 
supp ressed . 

" F e y n m a n taught 
m e that in s t rong 
interact ion phys ics 
every th ing tha t can 
poss ib ly h a p p e n 
does , and with max i 
m u m st rength," sa id 
Zwe ig . " O n l y conser 
vat ion laws suppress 
react ions. Here was a 
react ion tha t w a s 
a l lowed but did not 
proceed." 

Th is worr ied Zweig , 
who had been quietly 
toy ing with the idea 
that perhaps strongly 
in teract ing part ic les 
had const i tuents .The 
bizarre decay b e h 
av iour of the phi 
conv inced h im that 
cons t i tuen ts m a d e 
s e n s e . Moreover , he 
felt that , ins tead of 
be ing jus t s o m e 
mathemat i ca l s y m 
me t r y ref lected as 
S U 3 multiplets, these 
cons t i tuen ts had to 
be real. 

His idea w a s that 
the phi has s o m e 
thing in c o m m o n with 

the kaons, but not the rho and the p i .This const i tuent, whatever it is, 
has to surv ive phi decay, and this can only be done by produc ing 
kaons , wh ich are known to car ry the quan tum number s t rangeness . 

Th is legacy of the phi we now call the strange quark - the phi con 
ta ins a s t range qua rk -an t i qua rk pair. W h e n the phi d e c a y s , the 
s t range quarks have to go s o m e w h e r e , and the kaon route is the 

1963 Brookhaven bubble chamber data. 
These show how a negative kaon beam 
on a proton target produces a lambda 
baryon and two kaons (particle and 
antiparticle). The ellipse marks the 
boundary of the kinematically allowed 
region. The horizontal axis is the effective 
mass of the kaon pair, while the vertical 
axis is the effective mass of the lambda 
and one kaon. Note the striking band on 
the left, which is signalling the presence 
of a resonance - the phi - which prefers 
to decay into pairs of kaons, despite 
being right at the edge of the 
kinematically allowed region. 

only possibi l i ty: the s t range quark goes into one neutral kaon and 
the st range ant iquark goes into a neutral kaon antipart ic le. 

Ge l l -Mann had focused on a threefo ld under ly ing s y m m e t r y and 
had pounced on the "quark " word f rom a call at the bar in J a m e s 
Joyce 's Finnegan's Wake: "Th ree quarks for Muster Mark". 

Trying to sell his quark ideas, Gel l -Mann recalled his earlier exper i 
ence, when he had invented the name "s t rangeness" for a new quan 
tum number. Physicists were used to deal ing with part icles denoted 
by Greek letters. If a new word had to be invented, they looked for 
der ivat ions f rom classical Greek. Not Ge l l -Mann , who had gleeful ly 
f lung his unor thodox "s t rangeness" into the arena and w a s accused 
of being fr ivolous. Remember ing those diff iculties, Ge l l -Mann, work
ing in the US, sent his quark paper to the European journa l Physics 
Letters, where it w a s publ ished in 1964. 

F o u r a c e s 
However, in 1963 Zwe ig did not know abou t the quark ideas then 
going around in Ge l l -Mann 's head . Zwe ig thought that there shou ld 
be four const i tuents ( b e c a u s e there were four weak ly interact ing 
part ic les, or leptons) and cal led t hem " a c e s " . After leaving Ca l tech , 
Zweig worked at C E R N for a whi le, br inging his aces idea with h im. 
His paper appeared as a C E R N internal preprint in J a n u a r y 1964. 
Want ing to publ ish in a US journa l , Zweig c a m e unde rp ressu re f rom 
C E R N to publ ish in Europe . However, with no reputat ion, his idea fell 
on infertile ground and his paper w a s not widely publ ished until sev
eral years later, w h e n the va lue of his ideas had been recognized 
and the C E R N " a c e s " preprint rep roduced . 

In Israel in the the ear ly 1960s, Yuva l N e ' e m a n and Ha im 
Goldberg also concoc ted a threefo ld under ly ing s y m m e t r y pat tern, 
but it too fell by the ways ide , despi te being accepted for publ icat ion. 

Zweig 's susp ic ion that there were four basic const i tuents, rather 
than three, w a s ahead of its t ime, ant ic ipat ing the elucidat ion and 
d iscovery of the fourth quark - " c h a r m " - in the early 1970s. 

Later, Zweig wro te : " T h e react ion of the theoret ical physics c o m 
muni ty to the ace mode l w a s not ben ign . Gett ing the C E R N report 
publ ished in the fo rm I wan ted w a s so difficult that I f inally gave up." 

Despi te the demise of the ace picture, Zweig 's contr ibut ions are 
still r e m e m b e r e d . T h e select ion rule that recognizes that const i tuent 
quarks have to su rv ive (for examp le that phi prefers to decay into 
two kaons) is cal led the "Zwe ig ru le". 

Zwe ig s u b s e q u e n t l y t u rned his ta len ts to research in s e n s o r y 
physiology, where , in 1975, his work led to the deve lopment of wha t 
is now called the cont inuous wavelet t ransform - a way of displaying 
and ext ract ing t ime and f r e q u e n c y in format ion in a s igna l . More 
recently he has p roposed a mode l of coch lear mechan ics that pre
dicts that the ear makes s o u n d s w h e n it l istens to sounds . T h e s e 
predict ions were con f i rmed in exper iments . He became a fel low of 
the US Los A l a m o s Nat ional Labora tory in 1985. • 
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LETTERS/BOOKSHELF 

LETTERS 
CERN Courier we lcomes feedback but 
reserves the right to edit letters. Please e-mail 
"cern .cour ie r@cern .ch" . 

C i v i l r i g h t s 
The standfirst of your Ju ly article "How Martin 
Luther King almost came to Fermi lab" reads 
oddly. I refer to the phrase "when human rights 
were as important as protons". I a m sure it 
w a s unintent ional. However, it seems to imply, 
by omiss ion, that nowadays things are differ
ent and that there has been a renewed tilt 
towards protons. 

I think there has not .Th ings are perhaps 
less strident now, but the lab's human rights 
s ta tement is still in effect and is implemented 
by a number of programmes, such as the 
S u m m e r Internships in Sc ience and 
Technology for Minority Students (see 
"h t tp : / / s i s t . f na l .gov / " ) . 

If anything, to garner the necessary broad-
based public support for sc ience in the US, it 

BOOKSHELF 
T h e B ib le A c c o r d i n g t o E i n s t e i n , Jupi ter 
Scientif ic Publishing Co, New York, ISBN 0 
9655176 9 1 

Putting the word " G o d " in the title of a pop
ular sc ience book is a sure-fire way of 
boost ing the sales f igures. Now an anony
mous group of authors has gone one better in 
producing The Bible According to Einstein. 
This is a curious book, f rom its sombre black 
cover, complete with Star of Beth lehem (or is 
that just a symbol of scientific enl ighten
ment?) to its chapter-and-verse structure. In 
place of authors, the book has a spokesman , 
Stuart Samue l , a New York-based physicist. 
Why no authors? "The publ isher decided not 
to list authors and contr ibutors as a means of 
achieving two of the book's goals: to mimic 
the Bible as much as possible in its style and 
structure while replacing religious issues with 
scientific ones and to create a feel ing of awe. 

There 's no doubt that the first goal has been 
ach ieved. "In the 'beginning' , there was no 
beginning. Before the Planck t ime, there w a s 
no t ime and there was no space," c laims the 
opening line of Genesis I: The Planck Epoch . 
As for the second goal, I'm not so sure. It's 
t rue that the book shares the Bible's feel ing of 
authority; this is no mere suggest ion, this is 
the gospel truth. However, in that approach 

is even more important that there be fully-
f ledged suppor t of human rights by those 
doing exper iments with public funds. Were we 
to compromise the former in order to do the 
latter, a disaster in public support would 
certainly ensue. 

We must ensure that there is wide partici
pation and benefit - not only perceived but 
actual - for all parts of US society in scientific 
endeavours. I believe my col leagues under
stand th is .This is particularly crucial when the 
endeavours are big, expensive and dest ined 
to take place outside the US, because there is 
the implication in the mind of the voters that 
their money is going out as well. 

In addit ion to ensuring wide participation 
and benefit, it is also important that we tell 
them about it. We cannot rely on the news 
media to do the job. For example, as projects 
like the US participation in CMS progress, it is 
important that the many scientific personnel 
come back regularly, fan out across the coun 
try and make presentat ions - not just at 
academic gatherings, but at forums at tended 

lies the book's main shortcoming. 
Wha t attracted me to science was the reali

zation that the universe is a myster ious place. 
There 's a great deal we don' t know about it 
and sc ience is the great adventure of f inding 
ou t .The book makes no attempt at analysis. It 
s imply presents the whole canon of modern 
sc ience as one fact after another, and that 
somehow takes away the exci tement of f ind
ing out. So why did the anonymous authors 
choose the biblical style? Were they try ing to 
provide a scientific alternative to the Christian 
Bible? According to Stuart Samue l , the book 
wasn ' t written with scientific evangel ism in 
mind. Rather it was designed to draw a dis
tinction between the things that sc ience is 
good at and the things that spirituality is good 
at. " W h e n it comes to the universe that we 
observe with our senses, sc ience is the best 
means of obtaining understanding," said 
Samue l . " O n the other hand, sc ience cannot 
say anything about the purpose of life, about 
morality, nor about proper human conduct." 
This point is driven home repeatedly through
out the book .The introduction notes that the 
moral code written down in the religious texts 
of all of the major religions hundreds of years 
ago is as valid today as it was then, while our 
scientific wor ld v iew has changed beyond 
recognit ion. 

Throughout history, s torms of protest have 

by many different segments of US society. 
T h e part icipants need to talk about their 

work and thank the public for their support . 
This needs to be done well in advance of, and 
without any ment ion of, asking for money. I 
think this is a necessary (but not suff icient) 
condit ion for cont inued public funding in our 
field in the US. 

Dr David J Ritchie, Fermilab, Illinois. 

CERN Courier replies: 

Many thanks for your letter. Things like s tand-
firsts are frequent ly written at high speed . 
Nevertheless, "when human rights were as 
important as protons" was not meant to imply 
that these important issues have been side
l ined.The point w a s that a major scientific 
p r o j e c t - F e r m i l a b - e m e r g e d as an explicit 
champion of civil rights issues. Civil rights, like 
scientific objectivity and the free availability of 
results, remains an important implicit criterion 
in appraising the efforts of the international 
particle physics community. 
Gordon Eraser, editor CERN Courier. 

greeted the gradual encroachment of sc ience 
onto religion's patch.Th is is no more than a 
misunderstanding, c laims The Bible According 
to Einstein. "There is a line that exists between 
the domain of nature and the domain of God . 
People long ago drew the boundary by acci 
dent, not at the true line but in the land of 
sc ience."The obv ious implication is that, once 
that misunderstanding is cleared up and the 
boundary finally f ixed in its rightful place, 
sc ience and religion will coexist in harmony. 

The Bible According to Einstein is an 
extremely ambit ious project. It contains an 
overv iew not only of every branch of sc ience 
known to m a n , but also of the more traditional 
gospe ls .There are biographies of Moses, 
Christ, M u h a m m a d and Gotama the Buddha. 
These are written in the same style as the rest 
of the book, as one fact after another. They tell 
the stories of s o m e exceptional lives without 
developing the equal ly exceptional phi loso
phies that those lives produced. 

All that sa id , it is an enjoyable book to dip 
into, if only to see famil iar ideas expressed in 
an unfamil iar way and Stuart Samuel does 
have a point - the Biblical style does confer 
authority. It's a quirky book, but there's a lot of 
enjoyable reading in The Bible According to 
Einstein. Keep it next to your Bible, or what
ever moral text you happen to subscr ibe to. 
James Gillies, CERN. 
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F R E E L I T E R A T U R E 

I B e a m l i n e S i m u l a t o r V 1 . 3 a 
Beamline SimulatorV1.3a is an easy to use charged 
particle optics program (W in95 /98 /NT) . Operators, 
experimentalists, students and beamline designers 
appreciate its dynamic real-time magnet tuning 
capability. Saves time developing new tunes. Useful for 
training. SHAREWARE/PURCHASES are available on
line ($99, $349 and $999 US-depending on technical 
support). Our customers include E S R F J A E R I J R I U M E 
INER, Jyvaskyla, Johanne-Goethe, Nordion, Hammer
smith, Rigshospitalet, Ebco, ISYS and PAC. 

Dehnel Consulting Ltd 
PO Box 201, Nelson BC, Canada V1L 5P9 
Tel. (250) 352 5162 
Fax (250) 352 3864 
E-mail kurtf@uniserve.com . 
Internet h t tp : / /www.dehnel .com/ 

m a x o n If 
The Leading Manufacturer ! mam 
of High Precision Drives I, B R 
and Systems m m 

T 

I C a t a l o g u e a n d s e l e c t i o n p r o g r a m 
I o n C D - R O M 

This interactive catalogue on CD-ROM offers help for 
your daily drive problems. It gives detailed information 
on DC motors with diameters in the 6 to 75 mm range 
with an assigned power rating of up to 400 W, brushless 
motors, the modular system with gearheads, DC tachos, 
encoder and resolver as well as advice on the right 
electronic parts.The maxon selection program 
calculates possible drive solutions. 

maxon motor ag 
CH-6072 Sachseln 
Tel .+41/41 666 15 00 
Fax +41/41 6661650 
E-mail info® maxonmotor.com 
I nte rn et h t tp : / /www. m axo n m oto r. co m 

S M A R T 
S U P E R C O N D U C T I N G M A G N E T 
4 Q U A D R A N T P O W E R S U P P L Y 

- HO RELAYS 

S M A R T 4 quadrant superconduct ing 
magnet power supply 
Cryogenic launches the new SMART magnet power supply with an 
integral 4 quadrant power unit, thus permitting a smooth current 
reverse without any relays.This state-of-the-art unit gives a true 
display of both current and voltage on the front panel. All Cryogenic 
superconducting magnet power supplies have manual control via 
the front panel and remote control via an IEEE/RS232 interface.The 
power supplies are suitable for new magnet systems as well as for 
upgrading existing systems to modern capabilities. Please contact 
the sales department for further information about Cryogenic's wide 
product range including superconducting magnets, cryogenic free 
magnets, cryostats, variable temperature inserts (VTI),quantum hall 
systems, SQUID magnetometers and dilution refridgerators. 
Cryogenic Ltd, Unit 30,Acton Park Industrial Estate 
The Vale, London W3 7QE.UK 
Tel. +44 181 743 6049 
Fax+44181749 5315 
E-mail sales@cryogenic.co.uk 
Internet http://www@cryogenic.co.uk 

T e m p e r a t u r e M e a s u r e m e n t a n d 
C o n t r o l c a t a l o g u e 
A new Temperature Measurement and Control catalogue 
is available from Lake Shore Cryotronics Inc. 
Comprehensive details are provided for cryogenic 
temperature sensors, current sources, temperature 
transmitters, accessories controllers and monitors.The 
catalogue contains a comprehensive product section 
and a useful and detailed reference guide. Several 
temperature sensors are new to this year's catalogue, as 
are a temperature controller and a temperature monitor. 

Lake Shore Cryotronics Inc, Dana Ford, Marketing 
575 McCorkle Boulevard, Westerville, Ohio 43082 
Tel. (614) 891 2244 
Fax (614) 818 1600 
E-mail sales@lakeshore.com 
Internet www.lakeshore.com 

C r y c o o l e r C r y o s t a t s c a t a l o g u e 
Janis Research is proud to announce the 
availability of its new Crycooler Cryostats 
catalogue.These systems provide sample cooling 
temperatures from less than 8 K up to 600 K and 
only require electrical power for operation. Cooling 
capacities of up to 3 W at 20 K are standard, and 
both optical and non-optical, as well as "sample in 
vacuum" or "sample in exchange gas" 
configurations are shown. 

Janis Research Company 
2 Jewel Drive, PO Box 696 
Wilmington, MA 01887-0696 
Tel. (978) 657 8750 
Fax (978)658 0349 
Internet www.janis.com 

At the Surface • & 

'jm 
-

Problems of surface contamination, corrosion, 
adhesion, thin film and coating quality multilayer 
impurities? 

Your partner: CSMA 

An expert independent service for surface 
analysis: 

CSMA operates three laboratories in Europe, for rapid 
turnaround analysis, consultancy and training. Using Depth-
Profiling and ToFSIMS,XPS, Auger and LIMA, we measure the 
quality of cleaning processes, impurities, 
degradation and contamination issues. Results are 
surface specific (top few atom layers), quantitative and 
highly sensitive (ppb!). 

For 1999 Newsletter and latest Data Sheets, respond to: 
E-mail enquiries@csma.ltd.uk 
Tel. +44 161 237 5811 
Fax+44 161 237 1008 
Internet http://www.csma.ltd.uk 

E l e c t r o n T u b e s - s o l u t i o n s f o r l i gh t 
d e t e c t i o n 
We offer customized light detector assemblies for 
high-energy physics applications.These can include 
any photomultiplier from our extensive range with a 
voltage divider, HV supply, signal conditioning 
circuitry and electromagnetic screening. Supplied 
fully tested, these assemblies are easy to use and 
will minimize your engineering effort. 

Electron Tubes Ltd 
Tel. +44 (0) 1895 630771 
Fax+44 (0) 1895 635953 
E-mail pmt@electron-tubes.co.uk 

Electron Tubes Inc 
Tel (973) 586 9594 
Fax (973) 586 9771 
E-mail phototubes@aol.com 

j E m World 
iw condensates enter net* phase Can «ano»utws Mipereondwt? 

Go with the flow 

P H Y S I C S W O R L D 
Physics World - the international voice of physics -
is enjoyed monthly by 50 000 research scientists. 
Join them by subscribing today for two years and 
receive a 20% discount. Your Physics World 
subscription will include FREE ON-LINE ACCESS to 
PhysicsWeb at "http://www.physicsweb.org". 

For further details, please contact our marketing 
department at: 

Tel.+44 (0)117 929 7481 
Fax+44 (0)117 930 1178 
E-mail pwld@ioppublishing.co.uk 

J 
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PEOPLE 

Wagner heads DESY 
Albrecht Wagner (58) , professor of exper imen
tal physics at Hamburg University and former 
research director of the DESY Laboratory, 
Hamburg, takes over as Chairman of the DESY 
Directorate. He succeeds Bjoern H Wiik, who 
died in a tragic accident on 26 February. 

Following studies at Munich's Technical 
University, Goett ingen, and Heidelberg, where 
he graduated, Wagner became a research 
associate at Heidelberg and the Lawrence 
Berkeley Laboratory. From 1974 to 1986 he 
carried out his scientific work with experi
ments at DESY's storage rings, DORIS and 
PETRA, and at CERN between 1989 and 
1990. In May 1984 he became professor of 
experimental physics at Heidelberg, and in 
June 1991 accepted a chair at Hamburg. 
During that same year, he was offered the 

A recent meet ing, Symmetr ies and 
Reflect ions, at the State University of New 
York , Stony Brook, marked the ret i rement of 
C N Yang as Einstein Professor and director 
of the Institute for Theoret ical Physics, and 
it at tracted many dist inguished physicists 
f rom all over the wor ld . C N Y a n g ( lef t ) is 
seen here wi th R o b e r t Mi l ls . The i r joint 
1954 papers led the way to the new gauge 
theor ies that have al lowed so much fresh 
insight into physics. 

direction of DESY's research department. 
Wagner has been involved in the planning, 

construction and operation of the Opal 
experiment at CERN's LEP storage ring since 
1982. Since 1991 he has also focused on 
physics at electron-positron linear colliders. In 
recent years he has served as scientific 
counsellor for the German Federal Ministry of 
Research, C E R N , the American SSC 
accelerator project, the Karlsruhe Research 
Centre, the GSI Heavy-Ion Research Institute 
in Darmstadt and the ELSA project in Bonn. 

Wagner is a member of the Nuclear Physics 
European Collaboration Committee NuPECC, 
the Scientific Committee Frascati Laboratory 
in Italy, the Scientific Policy Committee for the 
Fundamental Nuclear Physics State Scientific 
and Technology Program in Moscow and the 

Bulgaria joins CERN 
At the meeting of CERN's governing body, 
Counci l , in June , Bulgaria formally became the 
organization's 20th member state. Bulgarian 
physicists already participate in the L3 and 
Delphi experiments at LEP and in the CMS 
experiment for the LHC. 

Long-term objectives are firmly centred on 
the LHC collider, which is scheduled to come 
into operation in 2005. However, the LEP 
electron-positron collider, CERN's research 
programme, is scheduled to cease operations 
next year and director general Luciano Maiani 
outlined a "limited butf i rst-class"research 
programme for the interim which includes the 
new Compass experiment (see px) , the new 
antiproton decelerator, the ever-popular 
ISOLDE on-line isotope separator and several 
other experiments. 

Possible additions to this approved and 
funded programme are the proposal to send 
CERN neutrinos to the Italian Gran Sasso 
Laboratory, 700 km away (CERN Courier 
November 1998, p l 3 ) , and a new CERN facil
ity to provide neutrons for a range of basic 
science and for nuclear waste transmutation 
s tud ies.These projects depend on external 
supplementary funding being found, and, in 
the case of the neutrino project, the drawing 
up of a suitable scientific programme. 

Also at the June meeting, Council approved 

Albrecht Wagner becomes Chairman of the 
Directorate of the DESY Laboratory, 
Hamburg. 

Lepton Collider Advisory Committee of the 
Japanese KEK Laboratory. In 1994 he became 
a fellow of the Amer ican Physical Society. 

Raising the flag as Bulgaria becomes 
CERN's 20th member state. 

the establ ishment of a new CERN Education 
and Technology Transfer Division (ETT) to 
implement a well focused action in strategic 
fields, in which CERN communicates to 
society at large its scientific results, their 
cultural and educational implications, and as 
the technologies and methods developed in 
the process. 

Jean-Pierre Delahaye was appointed leader 
of CERN's Proton Synchrotron (PS) division for 
three years from 1 January 2000. Steve Myers 
was appointed leader of the SL (SPS and LEP) 
division for three years from 1 January 2000. 
Juan-Antonio Rubio was appointed leader of 
the new ETT division for three years from 
1 January 2000. Karl-Heinz Kissler was 
appointed leader of SPL (Suppl ies, 
Procurement and Logistics) division for three 
years from 1 April 2000. 
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PEOPLE/MEETINGS 

Ugo Amaldi is honoured 

Ugo Amaldi - widely admired. 

A special seminar at CERN on 8 J u n e , marking 
the 65th birthday of Ugo Amald i , under l ined 
his wide-ranging and widely admired contr i
but ions to sc ience, covering exper iment , 
theory, accelerators, appl icat ions, educat ion 
and literature. Like his il lustrious father, C E R N 
pioneer Edoardo, Ugo's contr ibut ions to sc i 
ence appear to s tem from a deep sense of 
duty rather than personal ambi t ion. 

Amaldi 's exper imental physics career spans 
a long ser ies of exper iments,which over the 
years have made signif icant contr ibut ions to 
our increased understanding of particle inter
act ions at increasingly complex installations 
(descr ibed at the seminar by Paul Langacker 
of Pennsylvania) . 

Amald i , founding father of the Delphi exper
iment at CERN's LEP electron-posi t ron coll ider 
in the 1980s, gathered together an enthus i 
astic band of col laborators to work on a major 
new detector, incorporat ing techno logy that 
was very chal lenging at the t ime (recal led by 
Daniel leTrei l le of C E R N ) . 

He was also the Chai rman of the working 

group for what was to become the HERA elec
t ron-pro ton collider at DESY Hamburg , 
approved for construct ion in 1984 and now 
one of the major machines on the world scene 
(covered by Gunter Wolf of D E S Y ) . 

Also on the machine side, in the 1980s 
Amald i made pioneer contr ibut ions to the 
deve lopment of far-sighted ideas on linear 
e lectron-posi t ron coll iders, including the use 
of superconduct ing radiofrequency techno l 
ogy. Only now are such machines emerging as 
one of the main avenues for future high-
energy physics progress (descr ibed by 
Wolfgang Schnel l of C E R N ) . 

As accumula ted results f rom many exper i 
ments under l ined the coherence of the 
con temporary Standard Model , at the end of 
the 1980s and early 1990s, Amald i and his 
col laborators pointed out that the extrapo
lated results from these exper iments did not 
converge to a c o m m o n point at high energy, 
as would be required by a Grand Unif ied 
Theo ry synthesiz ing both strong and elec-
troweak interactions. Convergence required 
the appearance of new effects, such as super-
symmetry , at energies not yet attained in the 
lab. Langacker pointed out the irony of such 
heavyweight theoretical ideas coming f rom a 
physicist mainly known as an experimental ist. 

Amaldi 's most recent contribution returns to 
an early career theme. After the potential of 
particle beams for cancer therapy was 
pointed out in the 1930s, Enrico Fermi 
pushed for a new Istituto Super iore di Sanita 
in Rome to provide the necessary mach ines 
and beams. It was at this institute that Amald i 
made his first contr ibutions to physics, work
ing on radiation protection. Some 30 years 
later he promoted the use of ion beams for 
therapy in Europe and masterminded the 
T E R A Foundat ion to provide hadron beams for 
cancer therapy, skilfully managing admin i 
strators, funding agencies, and machine and 
medical special ists ( recounted by M Goitein, 
Northeast Proton Therapy Center, Boston) . 

Ugo Amald i is the scion of an il lustrious 
Italian scientif ic family. Both his father and his 
grandfather wrote standard texts. He has 
cont inued and extended this dist inguished 
tradit ion, which now even extends to a fourth 
Amald i generat ion (F Enr iques, Zanichel l i , 
Bo logna) . 

MEETINGS 
A two-day conference, P r o b i n g L u m i n o u s 
a n d D a r k M a t t e r , on 24 -25 September at 
the University of Rochester will be looking at 
future direct ions in particle physics and will 
also serve as a sympos ium to honour 
40 years of ach ievement by Adrian Melissinos. 

Speakers will include Char les Bamber, 
Barry Bar ish, David Burke, Bill Carithers, Erwin 
Gabathuler, Leon Lederman , Kirk McDona ld , 
Yorikiyo Nagash ima, Stephen Olsen, Joe 
Rogers, Nick Samios , Yannis Semertzedis , 
Pierre Sikivie, Pierre Sokolsky and 
Edward Thornd ike . Lectures will cover high-
energy cosmic rays, the U G O project, RHIC, 
Ax ions, exper iments with gas jets, Muon g-2, 
coll ider physics, the NLC, laser accelerat ion, 
strong-f ield Q E D , neutr inos, B physics, deep 
inelastic scatter ing and gravitational waves . 

For more information and hotel reser
vat ions, see the Web page at h t t p : / / w w w . p a s . 
roches te r .edu / " and click on "Adrianfest", or 
contact Judy Mack on " judy@pas.rochester . 
e d u " o r t e l . ( 7 1 6 ) 2 7 5 4840. 

T h e 3 r d W o r k s h o p o n P h y s i c s a n d 
D e t e c t o r s f o r D A P H N E , the new high-
luminosity Frascati Phi-Factory, will be held at 
the National Frascati Labs of INFN on 16-19 
November .Th ree exper iments - DEAR, Finuda 
and KLOE - will soon start to take data. The 
workshop will be devoted to a review of the 
exper imental and theoretical issues relevant 
or close to DAPHNE physics. 

Registration (before 1 September ) and 
more information are available at 
"h t tp : / /wwws is . l n f . i n fn . i t / da fne99 / " . D> 

> j 
F e l i c i t a s P a u s s ( r ight ) of ETH Zu r i ch , one 
of the speakers at this year ' s Nathiagal i 
S u m m e r Co l lege, Pak is tan (p35 ) wi th a 
s tudent f rom Lahore . ( G Fraser. ) 

3 8 C E R N C o u r i e r September 1999 

http://www.pas
http://rochester.edu/
http://wwwsis.lnf.infn.it/dafne99/


PEOPLE/MEETINGS 

This year 's N e u r a l C o m p u t a t i o n in H i g h -
E n e r g y P h y s i c s , also known as N C H E P - 9 9 , 
will be held in Maale Hachamisha in Israel on 
13-15 October. 

Neural computat ion is a developing 
discipline that deals with mathemat ica l 
model l ing of brain funct ions and with 
appl icat ions of these models to a range of 
problems. Its main tools are neural 
networks-mathemat ica l models based on 
e lements that possess the characterist ics of 
neurons. In the last decade, physicists have 
developed many tools that make use of the 
neural network app roach .These are 
successfu l in pattern recognit ion for triggering 
HEP detectors, as well as general 
classif ication problems. 

T h e workshop, sponsored by the Israel 
Sc ience Foundat ion, will follow the NCST-99 
conference on Neural Computat ion in Sc ience 
and Technology (at the same locat ion),which 
covers areas of neurobiological model l ing and 
computat ional appl icat ions. Information 
about NCST-99 is available at 
" h t t p : / / neu ron . t au .ac . i l /NCST-99 " . 

Invitations have been issued to var ious 
exper iments, running or in the design phase, 
to present their concepts for trigger designs. 
Participants at this workshop will include 
B Denby (co- founder of the A I H E N P ser ies) , 
C K i e s l i n g ( H l ) , J M Seixas ( A T L A S ) , 
A Sokolov (DELPHI ) and J Varela ( C M S ) . 
D Horn will summar ize the new t rends and 
ideas d iscussed at the NCST-99 workshop. 
The scientific organization of the workshop is 
handled by H Abramowicz and D Horn f rom 
Tel Aviv. Information is available at 
h t t p : / / neu ron . t au .ac . i l /NCHEP-99 " . 

A t a meet ing of the European Commi t tee for 
Future Acce lera tors ( E C F A ) in Denmark 
earl ier this year, C E R N director-general 
L u c i a n o M a i a n i ( le f t ) had d iscuss ions wi th 
Danish research minister J a n T r o b o r g . 

C E R N delegat ion meets Ch inese Pres ident J iang Z e m i n in Bei j ing. Left to right: M r S h u , 
vice-president of the Chinese A c a d e m y of Sc iences , C E R N di rector of Col l ider P rog rammes 
R o g e r C a s h m o r e , adviser on C E R N non-Member Sta te Relat ions J o h n E l l i s , President 
J i a n g Z e m i n , C E R N director-general L u c i a n o M a i a n i , C E R N LHC project d i rector L y n E v a n s 
and Minister of Sc ience and Techno logy Z h u L i - L a n . 

L e v O k u n ( cen t re ) 
su r rounded by his fo rmer 
s tudents at a special 
event in Moscow to mark 
his 70th bir thday. He wil l 
be honoured at C E R N on 
21 September . Left to 
r ight: A l e x a n d r e 
D o l g o v , M i c h a i l 
V o l o s h i n , L e v O k u n , 
M i c h a i l V y s o t s k y , 
N i k o l a i N i k o l a e v and 
V i c t o r N o v i k o v . 

Korean Sc ience and Techno logy M i n i s t e r S E O J u n g - U c k ( cen t re ) w a s at C E R N in June wi th 
A m b a s s a d o r K W O N S o o n - T a e . A m o n g those he met was M i c h e l De l i a N e g r a ( le f t ) , 
spokesman of the C M S exper iment at C E R N ' s L H C coll ider. 
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PEOPLE/OBITUARIES 

Clifford Charles Butler 1922-1999 
Clifford Char les Butler, w h o w a s the c o -
d iscoverer wi th Geo rge Roches te r in 
1946-1947 of "V -par t i c les " , d ied on 3 0 J u n e . 
The i r d i scove ry can be s e e n as the first s tep 
t o w a r d s the unders tand ing of the quark 
nature of matter. 

But ler spen t the w a r years at the Univers i ty 
of Read ing . His first research cont r ibu t ions 
were in e lect ron di f f ract ion, but by 1947, 
Roches te r and But ler had b e c o m e m e m b e r s 
of Patr ick B lacke t f s g roup at Manches te r . 
Unde r Blackett 's gu idance they used a c loud 
c h a m b e r wi th a magne t i c f ield to s tudy the 
p roduc ts of the in teract ions of h i gh -ene rgy 
c o s m i c rays in a b lock of lead . O n 15 Oc tobe r 
1946 they f ound an unusua l fo rked t rack 
look ing like an inverted " V ' . T h i s w a s 
s u b s e q u e n t l y in terpreted as the decay of a 
neutra l part ic le ( n o w known as a K - m e s o n ) , 
wh ich had to be ex t reme ly long- l ived on the 
nuc lear t imesca le . In May 1947 they f ound a 
s e c o n d s u c h long- l ived par t i c le .Th is t ime it 
w a s electr ical ly c h a r g e d . 

To inc rease the cosmic - ray e x p o s u r e , the 
Manches te r m a g n e t and c h a m b e r we re 
t ranspor ted to the Pic du Midi in the French 
P y r e n e e s , and it b e c a m e c lear that the 
"V-par t i c les " fell into two sepa ra te c l asses , 
now known as hype rons a n d K - m e s o n s . 

The i r long life w a s on ly exp la ined in 1952 
by Pais, w h o sugges ted that the part ic les were 
c rea ted in pa i r s .They cou ld be c rea ted in fast 
nuc lear react ions, but o n c e s e p a r a t e d f rom 
their par tner they were no longer ab le to inter
act rapidly. Ge l l -Mann and Nish i j ima clar i f ied 

th is p icture by ident i fy ing a new q u a n t u m 
number , ca l led " s t r angeness " . 

In 1953, Butler m o v e d wi th B lacke t t t o 
Imper ia l Col lege in L o n d o n , w h e r e But ler 
b e c a m e a full p ro fessor in 1957, head ing the 
H i g h - E n e r g y Nuc lear Phys ics g roup . He qu ick ly 
recogn ized the impor tance of G laser ' s 1952 
invent ion of the bubb le chamber , a n d the first 
Wes t E u r o p e a n hydrogen bubb le c h a m b e r w a s 
built by his g r o u p . T h i s led to the 1.5 m U K 
Nat iona l Hyd rogen Bubb le Chamber , used at 
the Ruther ford Labora to ry and at C E R N . In 
1964, But ler s u c c e e d e d Bernard G r e g o r y as 
c h a i r m a n of C E R N ' s Track C h a m b e r 
Expe r imen ts Commi t t ee . 

B e c o m i n g deep ly involved in sc i ence 
admin is t ra t ion , But ler then b e c a m e head of 
the Imper ia l Col lege Phys ics Depa r tmen t , 
wh ich w a s one of the largest mul t ig roup 
research d e p a r t m e n t s in Eu rope , whi le still 
leading the High Energy Nuc lear Phys ics 
g roup . Be tween 1966 and 1969 he a lso 
s e r v e d as d e a n of the Royal Col lege of 
S c i e n c e . But ler w a s a g o o d , kind m a n w h o 
cared abou t the best interests of his staff, and 
he led a d e p a r t m e n t that w a s p roud of the 
s t a n d a r d s and ach ievemen ts in both its 
teach ing and its research . 

But ler left Imper ia l Col lege to b e c o m e 
di rector of the Nuff ield Founda t ion f rom 1970 
to 1975, a n d f rom 1975 to 1985 he s e r v e d as 
v i ce -chance l l o r of Loughbo rough Univers i ty of 
Techno logy . He never lost his interest in 
phys ics , p laying vital roles in IUPAP -
sec re ta ry -genera l ( 1 9 6 3 - 1 9 7 2 ) , v i ce -

Clifford Butler 1922-1999. 

pres iden t ( 1972 -1975 ) and pres ident 
( 1975 -1978 ) . IUPAP general ly, and But ler in 
part icular, he lped to mainta in relat ions 
be tween phys ic is ts on both s ides of the Iron 
Cur ta in dur ing the dep ths of the Cold War. 
Ian Butterworth 

U K Inst i tu te of Phys i cs ( I O P ) P res i den t S i r G a r e t h R o b e r t s ( r i gh t ) at C E R N on 9 J u l y w i t h 
( r igh t to le f t ) IOP counc i l v i ce -p res iden t a n d d i s t i ngu i shed par t ic le phys ic is t P e t e r K a l m u s , 
C E R N e n g i n e e r T i m W a t s o n a n d I O P d i rec to r of s c i e n c e P e t e r C o o p e r . 

AWARDS 
T h e H i g h - E n e r g y P h y s i c s p r i z e 
T h e prest ig ious H igh -Ene rgy Phys ics prize of 
the E u r o p e a n Phys ica l Soc ie ty goes to Gera rd 
't Hoof t of Ut recht "Fo r his p ioneer ing cont r i 
but ion to the renormal iza t ion of non -Abe l i an 
gauge theor ies , inc luding the nonper tu rba t i ve 
aspec t s of t hose theor ies " . T h e award w a s 
g iven at the In ternat ional Europhys ics 
C o n f e r e n c e on H igh -Ene rgy Phys ics held on 
15-21 J u l y i n T a m p e r e , F in land . 

R u s s i a n A c a d e m y o f S c i e n c e s m e m b e r 
C E R N d i rec tor -genera l Luc iano Maian i has 
been e lec ted a fore ign m e m b e r of the Russ ian 
A c a d e m y of S c i e n c e s . 
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PEOPLE/OBITUARIES 

Efim Fradkin 1924-1999 

P e t e r K a l m u s of London 's Q u e e n Mary and 
West f ie ld Col lege recent ly tou red the UK for 
the Insti tute of Physics Schoo ls and 
Col leges lecture "Par t ic les and the 
un ive rse" . T h e lecture w a s g iven in about 40 
venues to a total aud ience of near ly 10 000 
schoo l s tudents . T h e real izat ion that the 
great diversi ty of the un iverse s tems f rom a 
l imited number of e lementa ry part ic les 
interact ing th rough a few fundamenta l 
f o r c e s is one of the major ach ievements of 
20th-century physics. ( M Ka lmus . ) 

A m o n g Peter Ka lmus ' "exh ib i ts " w a s a can 
of "pr imord ia l s o u p " . 

Efim Fradkin 1924-1999. 

After 50 years of creative activity at the fore
front of theoretical physics, Efim Fradkin died 
in Moscow on 25 May. His research extended 
f rom pioneering the functional method in 
quantum field theory and discovering, s imul 
taneous ly with Schwinger, its Eucl idean 
formulat ion, to basic work in string theory. 

He was born in a Jewish ne ighbourhood 
near Minsk. At 16 he the university there for a 
year .The famous mathemat ic ian I M Gel ' fand, 
who occasional ly lectured there, recognized 
Fradkin's outstanding abilities and , to suppor t 
h im, gave him 100 roubles. However, the war 
intervened and Fradkin's family were killed. He 
jo ined the a rmy and was wounded in the 
Battle of Stal ingrad. 

Fradkin appeared in Moscow in 1948 a n d . 
was adopted by I E T a m m and V L Ginzburg at 
the Theoret ical Depar tment of the Lebedev 
Physics Institute, which became his home for 
the remaining 50 years of his scientif ic life. 

"In the theatre of operat ions known as 
theoretical physics, Efim's attacks have been 

launched along the whole front," wrote 
Bryce DeWit t in Fradkin's festschrift. Fradkin 
p ioneered conformal field theory and con 
tr ibuted to the theory of turbulent mixing. He 
developed the Bata l in-Fradkin-Vi lkovisky 
method for quant iz ing general constrained 
sys tems , found new ways to solve spin lattice 
models , tackled the problem of grand unifi
cat ion via except ional groups and studied 
transfer processes in p lasma. 

Fradkin introduced the method of Green 's 
funct ions in relativistic statistics and discov
ered , a longside Landau and Pomeranchuk, 
the zero-charge behaviour of Q E D (better 
known in the West as the Landau pole) . He 
discovered open algebras and invented the 
first example of gauge supergravity. His rela
tivistic eikonal approximat ion and the 
Ef imov-Fradk in non-perturbat ive calculus 
gave birth to whole new trends of research. 

Fradkin w a s awarded the Stalin state prize 
in 1953, the I E T a m m prize in 1980 and the 
Dirac medal in 1989 and was the first recipi
ent of the Sakharov medal in 1996. He was a 
foreign member of Accademia Pontaniana in 
Maples and a full member of the A c a d e m y of 
Sc iences of Russia. He was a member of 
CERN's T h e o r y Div is ion, as guest professor of 
the director-general, in 1996 /7 . 

Fradkin acted as a magnet for young theor
ists. W h e n his coffin was exposed at the 
Lebedev Institute, two generat ions of disciples 
kept guard . For them - and for the whole 
communi ty of theoret ical physics-h is passing 
w a s a t remendous loss. 

Werner Ruckstuhl 
1952-1999 

T h e sudden death of our col league Werner 
Ruckstuhl has deeply shocked our scientif ic 
communi ty, particularly at NIKHEF, where he 
worked for the last 10 years. 

Werner, Swiss born and ETH-Zur ich e d u 
cated, did his PhD on muonic a toms, for 
which he w a s awarded the ETH meda l . V ia 
Cal tech, where he studied lepton universali ty 
at the PEP ring at SLAC, and Geneva University 
as a member of the L3 team at CERN's LER he 
first came to NIKHEF in 1990 to set up the 

physics analysis for the Dutch DELPHI group 
at LER His interests soon returned to B physics 
- having pushed for a B factory at the Swiss 
PSI lab. V ia the GAJET proposal he led NIKHEF 
into the LHCb exper iment at CERN's LHC 
coll ider and became the Dutch team leader. 

Werner w a s an excellent, al l-round exper i 
mental physicist. His catching en thus iasm, in 
combinat ion with his great sense of humour, 
st imulated many young physicists. He also 
made categorical choices - he came to 
NIKHEF, moved with his family to the 
Nether lands and became a Dutch cit izen. 

His absence is strongly felt not only at 
NIKHEF, but also at CERN and DESY. 
Ger van Middelkoop Werner Ruckstuhl 1952-1999. 

C E R N C o u r i e r September 1999 41 



PEOPLE/NEW PRODUCTS 

D M (Mike) Sendall 1939-1999 
D M (M ike ) Senda l l of C E R N d ied o n 15 Ju l y in 
L o n d o n after a d e c a d e of i l lness. He w o u l d 
have been 60 in October . 

Senda l l ob ta ined his P h D in the C a v e n d i s h 
Labo ra to ry in C a m b r i d g e unde r Ot to Fr isch . He 
then c a m e to C E R N in 1968 to wo rk in Luc ien 
M o n t a n e f s g roup on bubb le c h a m b e r s tud ies 
of kaon decays . 

In 1972 he b e c a m e a staf f m e m b e r in the 
Data Hand l ing G r o u p in C E R N ' s Nuc lea r 
Phys ics D i v i s i o n . T h e n in 1976 he m o v e d to 
the Da ta Hand l ing Div is ion to take cha rge of 
the g roup , look ing after da ta acqu is i t ion 
s y s t e m s b a s e d on PDP-11 c o m p u t e r s . He 
m a d e impor tan t con t r ibu t ions in th is f ield for 
m a n y yea rs , a n d w a s leader of t he On- l i ne 
C o m p u t i n g G r o u p f rom 1985 to 1990. 

In add i t ion , Senda l l w a s an u n s u n g hero of 
in ternat ional c o m p u t e r ne twork ing . He 
unde rs tood the vas t potent ia l of o p e n s y s t e m s 
w h e n o thers we re l imited to supp l ie r -spec i f i c 
a p p r o a c h e s . Be tween 1980 a n d 1985 he 
cha i red the E C F A - L E P Ne twork G r o u p - known 
to m a n y as S u b g r o u p 5 - wh i ch es tab l i shed 
h igh -ene rgy phys ics , and in par t icu lar C E R N , 
as the f ocus of a c a d e m i c ne twork ing in 
E u r o p e . 

Senda l l ' s leadersh ip s ty le - con t inua l l y 

S k y S p o r t s d o e s n ' t ge t all t h e ac t i on . T h e r e 
w a s d r a m a at t h e f in ish of th is y e a r ' s 
t rad i t iona l re lay race r o u n d t h e C E R N s i te 
w h e n C e d r i c Pou rce l of t h e C o o p e r a n t s 
t e a m , a c lea r l eader w h e n a p p r o a c h i n g t h e 
f in ish l ine, s t u m b l e d a n d fe l l . Q u i c k l y b a c k 
on his fee t , he sti l l c r o s s e d t h e l ine a c lea r 
5 s a h e a d . ( L a u r e n t G u i r a u d . ) 

Mike Sendall 1939-1999. 

push ing , sugges t ing and encou rag ing w i thou t 
seek ing credi t for h imsel f - w a s a natura l foil 
for the e x u b e r a n c e and e n t h u s i a s m of y o u n g 
resea rche rs . Future h is tory books are cer ta in 
to recoun t how he w a s an en thus ias t ic 
suppo r te r of T i m Be rne rs -Lee in his p ioneer ing 

NEW PRODUCTS 
Vacuum equipment 
T h e Granv i l le -Phi l ips Ser ies 3 5 8 V a c u u m 
M e a s u r e m e n t S y s t e m fea tu res the M I C R O - I O N 
gauge , a r ugged , a l l -meta l ionizat ion g a u g e , 
inc lud ing p rocess contro l se tpo in t re lays a n d 
digital in ter faces. For fur ther in fo rmat ion 
te l . +1 3 0 3 4 4 3 7660 or fax +1 3 0 3 4 4 3 
2 5 4 6 . 

Ul t ra-High V a c u u m Foil f r om All Foi ls Inc is 
"A" we t tab le and f ree f rom con tam ina tes . For 
fu r ther i n fo rmat ion , te l . + 1 4 4 0 5425121 , fax 
+1440 5425129 , e-mai l "c jhar r is@al l 
f o i l s . com" or s e e " h t t p : / / w w w . a l l f o i l s . c o m " . 

Metal seals for vacuum technology 
T h e At las F lange f rom A t l a s T e c h n o l o g i e s is an 
a l um in i um C F indus t ry s tanda rd wi th a s ta in 
less knife e d g e . T h i s connec t i ng s y s t e m a l lows 
v a c u u m eng inee rs to take advan tage of the 
exci t ing ul t rahigh v a c u u m proper t ies of 
a l u m i n i u m : fast a n d comp le te bakeou t ; low 

wo rk on w h a t w o u l d later b e c o m e the Wor ld 
W i d e W e b . Af ter read ing Be rne rs -Lee ' s 
p rophet ic 1989 p roposa l , Senda l l w ro te on 
the cover : " v a g u e but exc i t ing" , add ing at the 
e n d : "And n o w ? " T h e doo r to the W e b w a s not 
yet o p e n , but Senda l l had put a key in the 
lock. In m o r e recent years he played a ma jo r 
role in de f in ing a n d imp lemen t i ng C E R N ' s 
ongo ing W e b policy. 

In 1992 Senda l l took on an impor tan t 
responsib i l i ty as sec re ta r y of C E R N ' s n e w L H C 
C o m m i t t e e - se t up to r e c o m m e n d wh ich 
e x p e r i m e n t s s h o u l d p roceed t o w a r d s a full 
techn ica l p roposa l - to mon i to r the d e v e l o p 
m e n t of the p roposa l s and the s u b s e q u e n t 
p rogress of t he expe r imen ts . He b rough t his 
c u s t o m a r y m e t i c u l o u s n e s s and d i l igence to 
th is impor tan t task . 

Mike Senda l l w a s universa l ly a d m i r e d . 
E v e r y o n e w h o c a m e into con tac t wi th h im 
qu ick ly app rec ia ted his c h a r m a n d 
in te l l igence, his comp le te devot ion to du ty 
a n d his p ro found unde rs tand ing of c o m p u t i n g 
a n d phys ics . His m o d e s t y m a s k e d a m u c h 
d e e p e r cu l ture . His p r o n o u n c e m e n t s we re 
a lways inc is ive a n d his publ ic ta lks a m o d e l of 
interest , p rec is ion a n d clarity. W i th a h ighly 
d e v e l o p e d s e n s e of humour , he w a s a lso a 
m e m o r a b l e r acon teu r .Towards the end of his 
life he f a c e d his fu ture wi th cou rage a n d 
dignity. 

The Atlas Flange from Atlas Technologies 

hydrogen levels; lower res idual radioact iv i ty ; 
a n d low pho to deso rp t i on . C h a m b e r s tha t are 
m a d e wi th the A t las F lange can now be c o n 
nec ted to v a c u u m c o m p o n e n t s , s u c h as gate 
va l ves , beam-pos i t i on ing mon i to rs a n d o ther 
h i gh -ene rgy phys ics moni to r ing too ls . For 
fu r ther i n fo rmat ion , e-mai l " a t l a s @ o l y m p u s . 
net" , te l . +1 3 6 0 3 8 5 3123 or fax +1 3 6 0 
379 5 2 2 0 . 
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RECRUITMENT 
FOR ADVERTISING ENQUIRIES CONTACT CERN Courier RECRUITMENT/CLASSIFIED, IOP PUBLISHING LTD, DIRAC HOUSE, TEMPLE BACK, BRISTOL BS1 6BE, UK. 

TEL:+44 (0)117 930 1026 FAX+44 (0)117 930 1178 
RATES PER SINGLE COLUMN CM: MONO £30, SINGLE COLOUR £34, FULL COLOUR £36. PLEASE CONTACT US FOR MORE INFORMATION ON PUBLICATION DATES AND DEADLINES. 

uttfprr 
Sllut® Johannes Gutenberg - Universitat Mainz mafnz 

Institut fur Kernphysik der Johannes 
Gutenberq-Universitat Mainz 

Post-Doctoral position in accelerator physics 
The Institut fur Kernphysik has an opening for a post-doc research position, 
available for a period of two years starting at any time within the next few months. 

The Institut fur Kernphysik is presently developing the 1.5 GeV c,w. accelerator 
"MAMIC". The working field of the successful applicant would be on accelerator 
physics with polarized electron beams, especially concentrated on the development 
of a compact spin rotation system and precision polarimetry at 14 MeV beam 
energy. 

Salary conditions apply according to the German Bundesangestelltentarifvertrag 
BAT II a. Application deadline is October 1 st, 1999. Interested candidates are 
encouraged to send their curriculum vitae with the names and addresses of two 
referees to the personal office: Institut fur Kernphysik, Johannes Gutenberg-
Universitat Mainz z. Hd. Frau Huhn, J.-J.-Becher-Weg 45,55099 Mainz -
Germany 

Fur ther informat ion m a y be obtained by: Dr. Kurt Aulenbacher , 
Institut fur Kernphys ik J o h a n n e s Gutenberg-Univers i ta t Mainz, 
D-55099 Mainz Tel . : ++49 (0) 6131-395804 
e-mai l : a u l e n b a c @ k p h . u n i - m a i n z . d e 

D E S Y IS A PHYSICS RESEARCH LABORATORY WITH 1.400 
EMPLOYEES AND MORE THAN 3.000 GUEST SCIENTISTS FROM 
GERMANY AND ABROAD. THE SCIENTIFIC PROGRAM INCLUDES 
RESEARCH IN PARTICLE PHYSICS AND SYNCHROTRON RADIATION. 

IN THE FRAMEWORK OF AN INTERNATIONAL COLLABORATION, D E S Y IS DEVELOPING A FREE 
ELECTRON LASER FOR WAVELENGTHS FAR BELOW THE VISIBLE. THE PROJECT IS BASED ON 
THE SUPERCONDUCTING T E S L A TEST ACCELERATOR FACILITY, WHICH PROVIDES THE 
TECHNOLOGICAL BASIS FOR A FUTURE HIGH-ENERGY ELECTRON-POSITRON LINEAR COLLIDER. 
A KEY CONTRIBUTION TO THE SUCCESS OF THIS INSTALLATION WILL BE THE DEVELOPMENT, 
CONSTRUCTION AND COMMISSIONING OF A NUMBER OF ADVANCED ELECTRON 
ACCELERATOR COMPONENTS. WITHIN THE SCOPE THIS ACTIVITY, D E S Y HAMBURG 
INVITES APPLICATIONS FOR 

3 Postdoctoral positions 
in Experimental Physics or Electrical Engineering 
THE SUCCESSFUL CANDIDATE WILL BE RESPONSIBLE FOR COORDINATION OF WORK 
ALREADY UNDER WAY AND/OR FOR CONSTRUCTION OF COMPONENTS TO BE DESIGNED BY 
HIM/HERSELF. 
THE CONTRACT WILL BE LIMITED TO 2 YEARS, WITH A POSSIBLE EXTENSION FOR A THIRD 
YEAR. T H E SALARY WILL BE ACCORDING TO THE GERMAN CIVIL SERVICE (LLA MTV 
ANGESTELLTE). 
SCIENTISTS WHO HAVE RECENTLY FINISHED THEIR PH.D., HAVE EXPERIENCE IN THIS FIELD 
AND ARE NOT MORE THAN 32 YEARS OLD, ARE INVITED TO SEND THEIR LETTER OF 
APPLICATION AND THREE NAMES OF REFEREES TO: 
D E S Y , PERSONALABTEILUNG, NOTKESTRABE 85, D-22607 HAMBURG, 
TEL.: 040 89983617, FAX: 040 89944305, 
BY OCTOBER 15TH, 1999 C O D E - N O . 92/99 
HANDICAPPED APPLICANTS WILL BE GIVEN PREFERENCE TO OTHER APPLICANTS WITH 
THE SAME QUALIFICATION. D E S Y ENCOURAGES ESPECIALLY WOMEN TO APPLY. 

(Pfl 
ECOLE POLYTECHNIQUE 
FEDERALE DE LAUSANNE 

The Swiss Federal Institute of T e c h n o l o g y Lausanne 
(EPFL) invites applications for the position of: 

Maitre d'enseignement et de recherche 
(MER) in Acoustics 
for the Department of Electrical Engineering 
THE TASK OF THE SUCCESSFUL CANDIDATE WILL BE TO DEVELOP TEACHING AND 
RESEARCH ACTIVITIES IN ACOUSTICS, MORE SPECIFICALLY FOR THE MODELING OF 
ACOUSTIC FIELDS (RADIATION AND PROPAGATION). HE/SHE WILL DEVELOP 
INNOVATIVE RESEARCH RELATED TO ACTIVE NOISE CONTROL. THIS ACTIVITY WILL TAKE 
PLACE WITHIN THE EXISTING LABORATORY OF ELECTROMAGNETISM AND ACOUSTICS, 
IN COLLABORATION WITH OTHER INSTITUTES OF EPFL, AS WELL AS WITH OTHER 
INSTITUTIONS AND INDUSTRIES ON NATIONAL AND INTERNATIONAL LEVELS. 

APTITUDES FOR TEACHING AND PROJECT MANAGEMENT, SCIENTIFIC EXCELLENCE, 
PERSONALITY AND INDUSTRIAL BACKGROUND ARE MAJOR ASSETS. HE/SHE WILL 
SUPERVISE STUDENT PROJECTS, DIPLOMA AND DOCTORAL THESES. 

DEADLINE FOR REGISTRATION: OCTOBER 15, 1999. STARTING DATE: UPON 
MUTUAL AGREEMENT. T H E EPFL STRONGLY INVITES WOMEN TO APPLY. 
PLEASE ASK FOR THE APPLICATION FORM BY WRITING OR FAXING TO: 
PRESIDENCE DE I'ECOLE POLYTECHNIQUE FEDERATE DE Lausanne, CE-
ECUBLENS, CH-1015 LAUSANNE, SUISSE, FAX NR. +41 21 693 70 84. 
FOR FURTHER INFORMATION, PLEASE CONSULT ALSO URL: 
HTTP:/ /WWW.EPFI.CH, HTTP:/ /DEWWW.EPFI.CH/, 
HTTP.Z/ADMWWW. EPF I. CH/PRES/PROFS. HTML OR HTTP .//RESEARCH. EPF I. C H / 

UNIVERSITY OF GLASGOW 
Department of Physics and Astronomy 

CENTRAL LABORATORY OF THE RESEARCH COUNCILS 
JOINT APPOINTMENT 

LECTURER IN PARTICLE PHYSICS 
£17,238 -530,065 

THIS POST IS FUNDED JOINTLY FOR FIVE YEARS, TWO-THIRDS TIME BASED AT RUTHERFORD APPLETON 
LABORATORY AND ONE-THIRD AT GLASGOW. THEREAFTER YOU WILL JOIN THE UNIVERSITY OF GLASGOW 

PERMANENT ACADEMIC STAFF. THE RESEARCH WORK WILL INVOLVE THE DEVELOPMENT AND 
CONSTRUCTION OF THE LHCB DETECTOR FOR THE CERN LARGE HADRON COLLIDER. TEACHING AND 

OTHER DUTIES IN GLASGOW WILL BE AGREED WITH THE HEAD OF DEPARTMENT. APPLICANTS SHOULD 
HAVE POSTDOCTORAL EXPERIENCE IN PARTICLE PHYSICS DETECTOR WORK. 

FURTHER PARTICULARS ARE AVAILABLE FROM 
HTTP^AVWW.GLA.AC.UK/OTHERDEPTS/PERSONNEL/RECRUIL/, TELEPHONE 0044 141 
330 4673 OR BY E-MAIL: D.SAXON@PHYSICS.GLA.AC.UK, OR K.PEACH@RL.AC.UK. 

APPLICATIONS, INCLUDING CV, PUBLICATIONS LIST, AND THE NAMES AND ADDRESSES OF 
TWO REFEREES, SHOULD BE SENT BY 

16 OCTOBER 1999 TO PROF. D H SAXON, 
KELVIN BUILDING, UNIVERSITY OF 
GLASGOW, GLASGOW G12 8QQ, 

SCOTLAND. 
The University is committed to equality of 

opportunity in employment. 
| The University of Glasgow is an exempt charity 

dedicated to teaching and research. 

mailto:aulenbac@kph.uni-mainz.de
http://www.epfI.ch
http://dewww.epfI.ch/
http://http.Z/admwww
mailto:d.saxon@physics.gla.ac.uk
mailto:k.peach@rl.ac.uk


Ultra-High Vacuum (UHV) Precision Engineering 
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