
Inverse picobarns to you 

Integrated luminosity at CERN's LEP electron-
positron collider is building up well this year. 
By the end of August it had already surpassed 
the total figure for 1993. 

T he impact of some spectacular 
colliding beam records this 

summer has been muted by the 
cryptic terminology which scientists 
invariably use when describing their 
best achievements. 

Early this century, nuclear physi
cists calculated the collision rate of a 
particle beam with a sample of 
stationary atoms by multiplying the 
intensity of the beam (particles per 
unit area per second), the total 
number of targets, and the area of 
each target. In searching for a 
yardstick to measure this effective 
'cross-section', they first thought of a 
unit called a 'barn', equal to 1 0 2 4 

square centimetres, the approximate 
surface area of a nucleus. A beam 
crossing such an area would be 
almost certain to produce a nuclear 
collision - 'as easy as hitting a barn 
door'. 

This cross-section is a measure of 
the probability that two particles will 
collide. Today's physicists, searching 
for very rare and interesting events, 
measure probabilities in much 
smaller units - milli-, micro-, nano-, 
and finally picobarns. A picobarn is a 
million-million times smaller than a 
traditional nuclear barn. As always, 
multiplying the beam intensity by the 
number of targets and the cross-
section (probability) gives the rate at 
which events occur. 

However nomenclature had to be 
revised when particle physicists 
started to collide two counter-rotating 
beams. They needed a quantity, 
analogous to the product of beam 
intensity and number of target nuclei, 
which they could simply multiply with 
the cross-section to calculate the rate. 

This new quantity is called "lumi
nosity", defined as the number of 
particles per second circulating in 
one beam multiplied by the average 
number of intercepted particles per 
square centimetre in the other. 

Colliders have lots of circulating 
particles, so luminosities are big 
numbers - LEP, for example, has 
attained 2.2 x 10 3 1 c m 2 s 1 . Fermilab's 
Tevatron proton-antiproton collider is 
close behind. The world's highest 
luminosities are provided by Cornell's 
CESR ring, which goes beyond 10 3 2 . 

As well as pumping in particles, 
machine physicists maximize lumi
nosity by squeezing their colliding 
beams as small as possible. Lumi
nosity is a property of the beams -
not of the process being studied. To 
keep track of what their collider may 
have achieved, machine physicists 
use 'integrated luminosity' - luminos
ity accumulated so far. It is the total 
number of particles that have circu
lated in one beam multiplied by the 
average number of intercepted 
particles per square centimetre in the 
other. 

This integrated luminosity, the 
product of luminosity and time, is a 
dose, analogous to the dose which 
produces sunburn - it is not the 
intensity of the sun alone which 
counts, but the intensity multiplied by 

the time spent on the beach. 
Multiplying the luminosity by the 

"barns" gives the event rate. From an 
expected integrated luminosity and a 
theoretically-predicted cross-section, 
physicists can assess their chances 
of making a discovery. They might 
tentatively book tickets to Stockholm 
on the basis of multiplying the theo
retical cross-section (measured in 
picobarns) by the integrated luminos
ity expected during a forthcoming 
collider run (measured in inverse 
picobarns). 

The total luminosity delivered by 
LEP in the whole of 1993 was some 
40 inverse picobarns. An inverse 
picobarn is a large number - the 
number of quarks which would cover 
a small coin, or the number of atoms 
on the surface of the Earth. With 
colliders like LEP and Fermilab's 
Tevatron running at their current 
luminosity levels, an inverse picobarn 
- 10 3 6 per square cm - of integrated 
luminosity in just one 24-hour period 
(8.6 x 10 4 seconds) is quite an 
achievement. 
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