
Around the Laboratories 

CERN 
Another step for LEP 

n mid-August , six weeks after its 
first e lectron-posi t ron col l is ions at 

80.5 GeV per beam on 9 July 
(September , page 15), C E R N ' s 
energy-boosted LEP2 hal ted for 
instal lat ion of more superconduc t ing 
radiof requency cavi t ies. 

After six years s tudy ing e lect ron-
posi t ron annihi lat ions into Zs , the 
electr ical ly neutral carr ier of the w e a k 
nuclear force, these energ ies gave 
the four LEP exper iments - A leph , 
Delphi , L3, and Opal - their f irst look 
at pairs of W part ic les, the electr ical ly 
charged partners of the Zs , break ing 
new physics g round. 

Initial luminosi t ies, a measu re of the 
e lectron-posi t ron col l is ion rate, 
reached a heal thy 3 x 1 0 3 1 per sq c m 
per s, and integrated luminosi ty, a 
measure of the number of col l is ions 
ach ieved, at the new higher energy 
w a s 12 inverse p icobarns, inc luding a 
week of mach ine deve lopment work 
w h e n the physics score s tood sti l l . 
Th is was sl ightly up compa red to the 
cor respond ing operat ing per iods in 
prev ious years , promis ing wel l for the 
future. The highest luminosi ty 
recorded in one day w a s an inverse 
p icobarn, equal l ing earl ier record 
per formance. 

Equ ipped wi th 28 more 
superconduct ing cavi t ies, tak ing its 
comp lemen t f rom 144 to 172, and 
push ing its beam energy cei l ing to 87 
GeV, LEP2 is schedu led for a fur ther 
f ive-week run in Oc tober -November . 

Major item in an extensive upgrade for the H1 
detector at DESY's HERA electron-proton 
collider has been a new 'SPAghetti 
CALorimeter' (SpaCal), seen here in the 
centre of the detector. 

DESY 
Upgrading H1 

The usual evolut ion a part icle physics 
exper iment is increasing interest in 
rarer, more violent interact ions at 
high m o m e n t u m transfer, putt ing the 
stress on detect ion away f rom the 
beam direct ion. 

T h e ever- increasing luminosi ty 
del ivered by DESY 's HERA elect ron-
proton col l ider is a l lowing deep 
inelastic (DIS) probing of the proton 
to take p lace at unprecedented ly high 
m o m e n t u m transfers (Q 2 ) up to 
several tens of thousand G e V 2 . T h e 
proton's structure is thus becoming 
ever better de termined and searches 
for the product ion of new part ic les, as 
wel l as possib le interact ions wh ich 
wou ld reveal quark substructure, are 
being ever ex tended. 

T h e H E R A exper iments are also 
able to ex tend the k inemat ical range 
over wh ich the proton is probed to 
very low x, a var iable which may be 
thought of as the struck quark or 

g luon 's share of the proton m o m e n ­
tum. It is in the x region be low 0.001 
that the intr iguing sudden rise in the 
proton st ructure funct ion w a s first 
seen severa l years ago. Subsequen t 
prec is ion measu remen ts have 
at t r ibuted this rise to a s teep increase 
in the proton 's g luon densi ty. If this 
t rend cont inued, interest ing "hot-spot" 
c luster ing propert ies shou ld even tu ­
ally be seen . 

Low x inevi tably impl ies low 
m o m e n t u m transfer at high col l is ion 
energy, requir ing accurate detect ion 
of scat tered e lect rons c loser to the 
beam pipe. Th is is a lso the area 
where decay products f rom a "nearly-
rea l " photon wil l be in tercepted, so 
s tud ies of the hadronic structure of 
photons wil l a lso benefi t . These and 
other requ i rements were descr ibed 
last month (September , page 21) in a 
genera l rev iew of p lans for the 
ongo ing H E R A research p rog ramme. 
Current ana lyses are a l ready 
domina ted by systemat ic errors, so 
the major i tem in an extens ive 
upgrade for the major H E R A H1 
detector b e c a m e the construct ion of 
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Two half shells of the H1 Central Silicon 
Tracker, which should reduce the uncertainty 
of a charged track angle measurement to 
below 0.5 mrad. 

a new 'SPAghet t i CALor imeter ' 
(SpaCal) . 0 .5mm and 1 m m d iameter 
scint i l lat ing f ibres e m b e d d e d in 
separate lead matr ices for the 
e lect romagnet ic and hadronic 
sect ions are read out by 1400 mesh 
dynode photomul t ip l iers capab le of 
operat ing in the ambient 1T magnet ic 
f ie ld. Wi th this compac t a r rangement , 
1995 data demons t ra ted the 
expec ted energy resolut ion for 
e lect rons, with mi l l imetre prec is ion. 

The SpaCal has a t ime resolut ion of 
less than 1 ns, important for 
di f ferent iat ing the phys ics s ignal f rom 
large beam- induced backgrounds 
arr iv ing s o m e 9ns earl ier. T h e 
calor imeter covers an angular range 
f rom 30° to wi th in 3° of the e lectron 
b e a m direct ion (cor responding to Q 2 

measuremen ts wel l be low 1 G e V 2 

w h e n "vertex sh i f t ing" techn iques are 
used) . Th is g ives a smoo th br idge to 
the coverage prov ided by the 
recent ly upgraded 4 4 m electron 
tagger and a new dev ice at 8 m 
downs t ream. 

SpaCa l is f ronted by a new 8-layer 
backward drift chamber (BDC) giv ing 
pre-shower detect ion for pho ton / 
e lectron separat ion, and reducing 
necessary shower ing correct ions for 
energy measurements . However its 
main advantage is the cons iderab le 
improvement of t racking in the 
backward (electron) d i rect ion. 

Track ing has also been ex tended 
and improved by the addi t ion of two 
si l icon wafer detectors in the inter­
act ion point area. These comb ined 
dev ices can reduce the uncerta inty of 
a charged t rack angle measu remen t 
to be low 0.5 mrad . The central si l icon 
t racker (CST) consists of two con ­
centr ic cy l inders, one s ide of wh ich 
w a s a l ready instal led and tes ted in 
1995. The backward si l icon t racker 
(BST) will have eight disc p lanes, 
four of wh ich should be ful ly opera­
t ional this year. Eventual ly the si l icon 

detectors wil l sur round a new light­
weight carbon f ibre beampipe wh ich 
will further increase t racking capabi l i ­
t ies and a l low sophist icated ver tex 
detect ion in heavy f lavour product ion. 

Ano the r reve la t ion at H E R A has 
been the con t r ibu t ion f rom a c lass 
of even ts bear ing all the ha l lmarks 
of ' co lou r less ' e x c h a n g e , w i th the 
p ro ton essent ia l l y rema in ing intact . 
T h e s e are the so -ca l led large 
rap id i t y -gap , or d i f f ract ive, even ts . 
A l t hough the d i f f ract ive f ina l s ta te is 
c lear ly seen in the cent ra l bar re l , 
the g loba l k inemat i c p roper t ies a re 
best d e t e r m i n e d by accu ra te de tec ­
t ion c lose to the b e a m , th is t ime in 
the f o rwa rd d i rec t ion . In terest in 
ene rgy depos i t i on in the f o rwa rd 
d i rec t ion has a lso been fue l led by 
new ideas for a l te rna t ive f o rmu la ­
t ions of the qua rk -g luon f ie ld theo ry 
equa t i ons . S ince 1995, H1 has 
ope ra ted ' R o m a n Pot ' s ta t ions at 81 
and 9 0 m d o w n s t r e a m of the inter­
ac t ion point in the p ro ton d i rec t ion . 
Sc in t i l la t ing f ibre h o d o s c o p e s m a y 
be l owe red to w i th in mi l l imet res of 
the b e a m to m e a s u r e p ro ton 

m o m e n t a to bet ter t han 0 .5%. T w o 
add i t i ona l s ta t ions at 6 3 m and 8 0 m 
are p l a n n e d for next yea r and two 
p lanes of s i l i con pixel dev i ces are 
be ing p r e p a r e d to s u p p l e m e n t the 
9 0 m d o w n s t r e a m de tec to rs . Th is 
wi l l i nc rease the p ro ton ene rgy 
a c c e p t a n c e a n d ex tend m e a s u r e ­
m e n t s of t he d i f f rac t ive m e c h a n i s m . 
Th i s yea r wi l l a lso see the f i rst 
ope ra t i on of a f o rwa rd neu t ron 
ca lo r ime te r (FNC) 107m d o w n ­
s t r e a m , a lead/sc in t i l la t ing f ibre 
ca lo r ime te r p rov id ing equa l re­
s p o n s e for had ron i c and e lec t ro ­
magne t i c s h o w e r s . 

So many addi t ions to the H1 detec­
tor inevi tably puts a strain on both 
data acquis i t ion and the tr igger. 
Present ly the microprocessor 
equiva lent of severa l hundred IBM 
3090 units take events of 4-5 Mbytes 
of raw informat ion at a level-1 tr igger 
rate of typical ly 50 Hz and reduce 
t hem to about 50 Kbytes at 10 Hz for 
wr i t ing to tape. T h e f lexible 
archi tecture is enabl ing a 1996 
upgrade total l ing the addi t ion of 
s o m e 28 P o w e r P C 604 cards wh ich 
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Curt Ekstrom at the frozen hydrogen pellet 
target system at Uppsala's CELSIUS ring. 

shou ld signif icant ly reduce overal l 
dead- t ime. 

HERA 's 96 ns bunch cross ing t ime 
is only a factor of four away f rom that 
p lanned for CERN 's LHC proton 
coll ider. The level-1 p ipel ined tr igger 
has some 2.2 mic roseconds for its 
dec is ion, and was previously fed 
direct ly into an on- l ine sof tware 
tr igger. The central t r igger sys tem 
has been supp lemented wi th an 
in termediate level-2 t r igger wh ich 
present ly has two parts, one 
exploi t ing preselected topologica l 
aspects of the events , and the other 
consist ing of several paral lel neural 
networks, each opt imized for a 
specif ic c lass of react ions. 

T h e upgraded detector wil l be in a 
good posit ion to exploit the improved 
and ex tended physics possibi l i t ies 
prov ided by HERA. 

From Graham Thompson, Queen 
Mary Westfield College, London 

UPPSALA 
Pelting pellets 

A col laborat ion be tween Sweden ' s 
Uppsa la Universi ty and the 

Japanese KEK laboratory c a m e to 
fruit ion in August w h e n a thin wa l led 
superconduct ing so lenoid magne t 
w a s del ivered to Uppsa la 's T h e 
Svedberg Laboratory. 

The solenoid is a vital part of the 
W ide Angle Shower Appara tus , 
W A S A , wh ich will make precis ion 
measurements of unstable mesons 
(neutral p ions and etas). It w a s 
deve loped wi th suppor t f rom the 
Japanese Ministry of Educat ion , 
Monbusho , and the N ippon Kokan 
Company . 

T h e W A S A detector is being as­
semb led at the The Svedberg Labo­
ratory's C E L S I U S (Cool ing wi th 
ELect rons and Stor ing of Ions f rom 
the Uppsa la Synchrocyclot ron) 
s torage r ing. About 70 researchers 
f rom Germany , Japan , Poland, 
Russia and Sweden are involved. 

The magnets of the CELS IUS ring 
have an i l lustrious history, start ing life 
in the classic muon anomalous 
magnet ic momen t exper iment at 
C E R N in the 1970s before being 
used in p ioneer ing cool ing studies 
and finally being sh ipped to Uppsa la 
in 1983. 

W A S A will use a novel target 
sys tem deve loped at Uppsala wi th 
suppor t f rom the Wal lenberg 
Foundat ion . The new target 
ach ieves high luminosity by replacing 
a tradi t ional gas jet wi th a s t ream of 
sol id pel lets - 0.03 mm-d iameter 
micro-spheres of f rozen hydrogen, 
injected vert ical ly into the proton 

The new superconducting solenoid for the The 
Svedberg Laboratory's WASA detector shortly 
after its arrival in Uppsala in August. 

beam at a rate of about 7 thousand 
pel lets per second travel l ing at 60 
metres per second . 

The pel lets are fo rmed by breaking 
up a l iquid hydrogen jet into droplets 
at the tempera tu re and pressure 
where sol id , l iquid, and vapour 
coexist in equi l ibr ium and inject ing 
these droplets tnto a v a c u u m . 
Mesons are p roduced when the 1360 
MeV C E L S I U S proton beam col l ides 
wi th the f rozen pel lets. 

T h e new so leno id provides the 
magnet ic f ield for m o m e n t u m 
measu remen ts of the emerg ing 
charged part ic les. It is made in a 
split coil conf igurat ion wi th 40 m m 
separat ion be tween the two wind ings 
a l lowing the s t ream of f rozen 
hydrogen pel lets to pass. Each 
w ind ing consis ts of four layers of 
superconduc t ing wire w o u n d on the 
inside of an a lumin ium bobbin . The 
total coil th ickness is 9 m m , or 0.18 
radiat ion lengths, wi th a length and 
d iameter about 50 cm and cold mass 
of 20 kg. T h e central magnet ic f lux 
densi ty is 1.3 Tes la at a current of 

20 CERN Courier, October 1996 




