
Tank 1 of the new 70 MeV linac at the Rutherford 
Laboratory in its raw state after delivery from 
Morfax Ltd. Water cooling, electrical connec­
tions, vacuum pumps, r.f. feeds have since been 
added and the tank has done its bit in achiev­
ing design energy in May. 

(Photo Rutherford) 

RUTHERFORD 
Commissioning of 
new linac 

Construct ion of a 7 0 M e V proton 
linear accelerator at the Rutherford 
Laboratory, or ig inal ly designed as a 
n e w injector to increase the intensi ty 
of the 8 GeV N imrod pro ton synchro ­
t ron , is n o w comple te and a 70 MeV 
beam has been obta ined. The injector, 
s i ted alongside the exist ing 15 MeV 
l inac, f igures prominent ly in the Labo­
ratory's plans to adapt the N imrod 
complex into a h igh intensi ty neutron 
source (see M a y COURIER) . 

The design speci f icat ion for the 
n e w linac calls for an ou tpu t beam 
intensi ty of 75 m A w i t h a pulse dura­
t ion of 500 pis and a max imum 
repet i t ion rate of 1 pulse per second. 
It has four tanks, the second and th i rd 
being f rom the 50 M e V proton linear 
accelerator (PLA) c losed d o w n at the 
Rutherford Laboratory in 1969. The 
first and four th tanks are n e w and are 
based on the design of the Brookhaven 
and Fermilab 2 0 0 M e V injectors. 

The pre- in jector is designed for a 
2 0 0 m A beam intensi ty of 5 0 0 \is 
pulse length. Protons f rom a small 
duoplasmatron source (outer d i m e n ­
sions 130 mm long by 100 m m d ia­
meter) are focused into a med ium 
gradient co lumn (16 k V / c m ) and 
accelerated to an energy of 665 keV. 
The effect of beam load ing on the 
ou tpu t vo l tage of the Haefeley Cock-
c ro f t -Wal ton EHT generator is reduced 
by means of a 0.01 iiF reservoir 
capacitor. A drop of about 10 kV w o u l d 
sti l l occur, but is stabi l ised by means 
of an electronic stabil iser ( the ' b o u n ­
cer') w h i c h applies a compensat ing 
signal to the earthy plate of the reser­
voi r capacitor. In October, the pre-
injector was w o r k i n g to speci f icat ion 
w i t h stable, repeatable characterist ics. 
The bouncer w o r k e d at a lmost the 

f irst a t tempt and held the accelerat ing 
potent ia l steady to w i t h i n 2 0 0 V. 

In parallel w i t h the commiss ion ing 
of the pre- in jector, instal lat ion of the 
four rad io- f requency power systems 
was proceeding. A c o m m o n l o w 
power drive cha in , f rom the o l d 
Rutherford Laboratory PLA, suppl ies 
a 202.5 M H z drive signal at a power 
level of 20 kW, w h i c h is d iv ided 
between the four r.f. power ampli f iers. 
Each of these has a peak power ou t ­
put capabi l i ty of 4 .25 M W and pro­
duces a 700 [is pulse w h i c h is l oop -
coup led to the tank. The f irst system 
to be completed was that of tank 2, 
w h i c h was operated at its design f ie ld 
in the au tumn of 1975. 

Instal lat ion of the remainder of the 
machine was completed early in 1976 
and a beam was accelerated th rough 
the f irst tank to 10 MeV in February. 
Tun ing runs gave 28 m A of 10 MeV 
beam w i t h i n the first week w i t h o u t 
the buncher. Subsequent ly , w i t h the 
buncher powered and w i t h improved 
t u n i n g , more than 80 m A of 10 MeV 
beam was measured at tank 1 ou tpu t . 
By the end of Apr i l beam was a l lowed 
th rough the machine to an external 
beam-stop. Work ing w i t h short pulses, 
tanks 2, 3 and 4 have been progres­
sively commiss ioned and 7 0 MeV pro­
tons were first seen on 19 May. 
Efforts n o w turn to min imis ing beam 
losses and achieving h igh rel iabi l i ty. 
Commiss ion ing w i l l probably be c o m ­
pleted by the end of 1976. 

DESY 
On-line 
One of the VIT's (very impor tant 
th ings) at a h igh energy physics 
Laboratory is the computer centre — 
f requent ly used but comparat ive ly 
rarely ment ioned. It is we l l k n o w n 
that t oday it w o u l d be impossible t o 
do h igh energy physics w i t h o u t b ig 
and fast computers, handl ing the 
large quant i ty of data produced by 
the exper iments. In most Laboratories 
the normal w a y of do ing physics is to 
take data at the exper iment, assisted 
by a smal l computer and to go after­
wards to a big computer t o sort ou t 
the results. A t DESY (and a f e w other 
Laboratories such as Daresbury) the 
concep t is di f ferent — the big c o m ­
puter is part of the exper iment f rom 
the beg inn ing . 

24 'assistant ' computers at the 
exper iments, inc lud ing an HPD au to ­
mat ic f i lm measuring machine, are 
connec ted on- l ine w i t h t w o I B M 3 7 0 / 
168s at the computer centre. The 
smal l computers are check ing the 
exper imental se t -up and co l lec t ing 
data, but the data go direct ly to one 
of the 168s. The pr imary data w i l l be 
wr i t ten on a tape and also used to 
calculate some first physical results. 
DASP and PLUTO for example — the 
t w o b ig detect ion systems si tuated at 
the interact ion regions of the DORIS 
storage r ings — are send ing ten k i lo -
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bytes per second to the I B M f i l l ing a 
magnet ic tape w i t h 36 megabytes per 
hour. Performing th is j o b and do ing 
calculat ions on th is on- l ine data 
absorbs about 1 0 % of the IBM 's 
capaci ty. 

The argument of the no t -on - l i ne 
special ist that he w o u l d never dare to 
be dependent w i t h his exper iment on 
a computer centre is countered by the 
DASP group 's experience — on ly four 
days w i t h i n the last 17 months lost be­
cause of the on - l i ne connec t ion . 

Each on- l ine computer is suppor ted 
by a separate on- l ine j o b in the central 
computer . To avoid over loading the 
store and unnecessary scans of super­
v isory programs th rough mainly i n ­
act ive queues, every j o b w h i c h is idle 
for more than an hour is automat ica l ly 
t h r o w n out but can be reinvoked 
th rough an interrupt w i t h i n 20 s. Thus 
the number of on - l i ne jobs l iv ing in 
the computer at any one t ime has 
been reduced to about 5 to 6. 

Ano ther impor tant fac i l i ty is the 
data-set migrat ion scheme. Every user's 
request for a l locat ion of a permanent 
data-set on disc is satisf ied ou t of a 
pool of discs w h i c h n o w extends to 
5 0 0 megabytes. Whenever a certain 
upper threshold is reached, th is disc 
poo l is empt ied , to a certain amount 
on a least- recent ly-used basis, by 
copy ing data-sets to tape. This can be 
done because the user ident i f ies his 
data by a un ique name only , not 
spec i fy ing the name of the vo lume 
his data resides on . Once th is data is 
emigrated, the user is free to process 
his data off tape or to immigrate it 
f irst. By this method it was possible 
to extend the effect ive disc space to 
3 g igabytes at the cost of some data 
movement w h i c h is main ly done 
dur ing n ight shif ts. 

The f o l l o w i n g f igures s h o w that 
most of the users are w a n t i n g their 
data-sets f requent ly : More than 1000 
jobs are calculated each weekday. 
Each week in recent months 5.2 to 

6.7 k i lo jobs were passing th rough the 
computers. Dur ing 325 days in 1975 
263 k i lo jobs were calculated. Wi th in 
these 7 8 0 0 hours for each ' 168 ' , 
7 0 0 5 hours CPU- t ime was used — an 
average CPU t ime per j o b of about 
1.6 min . A t the end of th is year the 
capaci ty of the DESY computer centre 
w i l l be saturated. 

Start ing a j o b on the machine is 
possible by feeding cards into the 
reader or by using one of 16 terminals 
of the TSO t ime shar ing system 
located at di f ferent places on the 
DESY site. A n interact ive p lo t t ing 
system, IPS, enables users to look at 
their data in a graphic fo rm or even 
to produce a graph of their exper i ­
mental setup. Mos t of these special 
services are programmed and handled 
by the DESY computer staff. The 
centre is run by 6 system programmers, 
4 programmers and 18 operators. 

New particles 
Reports about n e w particles cont inue 
coming in. Those people w h o favoured 
charm theory already at the end of 
1974 , w h e n the J / i p and <|/ were 
f o u n d , seem n o w to be the f inal 
w inners over their col leagues w h o 
preferred other models. A t the same 
t ime w h e n SPEAR announced a spec­
t rum of particles near 2 GeV as g o o d 
candidates for charmed mesons (see 
J u n e COURIER 1976, p. 211) DORIS , 
the electron posi t ron storage r ing at 
Hamburg , presented results on the 
semi- lep ton ic decay of those particles. 

As the members of the J/ty fami ly 
are bound states of a charmed quark 
and an ant icharm quark they have no 
vis ible charm. Charmed mesons are 
however combinat ions between a 
charmed quark and one of the three 
o ld quarks. As charm is not v io la ted 
in st rong and electromagnet ic inter­
act ions a charmed meson can o n l y 
decay by weak interact ion. The charm 
theory predicts that charm quarks 

coup le preferential ly to strange quarks, 
w h i c h means that the decay into a 
K and a lepton must be visible besides 
the decay into a kaon and one or 
more p ions seen at SPEAR. 

Since the beg inn ing of 1976 DORIS 
exper iments have concentrated on 
these channels and f o u n d an extra­
ordinary electron product ion start ing 
at energies above 4.0 GeV. The spec­
trometer PLUTO (run by a co l labora­
t ion of DESY, Universi ty of Hamburg , 
Siegen and Wupper ta l ) and the DASP 
col laborat ion (Aachen, DESY, H a m ­
burg Universi ty, Max-P lanck - Ins t i tu te 
M u n i c h , and Tokyo) are able to see 
electrons and posi t rons d o w n to an 
energy of on ly 3 0 0 resp. 2 0 0 M e V / c . 
DASP people, for example, used a 
Cherenkov counter in f ront of the 
magnet to ident i fy electrons. Ask ing 
for at least three other particles in the 
inner detector led to 22 events w h i c h 
can on ly be due to a weak ly decaying 
part icle. A h igh mul t ip l ic i ty of p ions, 
w h i c h peaked at 5 to 6, exc luded 
heavy lepton decay for these events. 

Since the charm theory predicts a 
s t rong relat ion be tween charm quarks 
and strange quarks bo th exper iments 
looked for events w i t h the appearance 
of a kaon and a single lepton. Both 
spectrometers were successfu l : at 
PLUTO a sample of s imul taneous 
product ion of K° and electrons was 
f o u n d and DASP people are sure that 
they have observed events w i t h 
charged kaons and electrons, both 
together w i t h a h igh mul t ip l i c i ty of 
p ions. It is interest ing to k n o w that 
PLUTO saw this correlat ion at a 
centre of mass energy of 4.1 GeV but 
not at 4.4 GeV t h o u g h a good K-
signal there has also been observed. 
Measur ing at 3.6 GeV s h o w e d that 
there is no eK correlat ion be low the 
threshold. A l l these events cannot be 
interpreted w i t h o u t the existence of 
n e w hadrons w i t h a n e w quan tum 
number and all propert ies of these new 
part icles are consistent w i t h charm. 
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