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The 28 GeV proton synchrot ron, the trans­
fer tunnels and the intersect ing storage 
rings make up one of the two largest com­
plexes in the wor ld designed for sub-
nuclear physics research. To the surveyors 
of the ISR Metro logy Group it consists of 
more than four k i lometres of tunnels in 
wh ich some 1500 components have to be 
instal led wi th a relative accuracy of a tenth 
of a mi l l imetre. To achieve this, use is 
made of 'microgeodet ic ' or 'macrometro lo-
g ica l ' methods, most of wh ich have or ig i ­
nated at CERN itself s ince 1954 and have 
been cont inuously developed to incorpo­
rate the advances made in a technology 
which is sti l l evolv ing. 

Civil engineering work 

The l imited wid th of the site (a r ing 300 m 
in diameter has to be instal led in an area 
of land barely 400 m wide) and the amount 
of earth-moving involved have made 
the al ignment work di f f icul t . The depth of 
the excavat ions — up to 25 m in some 
places — has d is turbed the natural s tabi ­
lity of the ground. Movements due to the 
changes in mechanical balance on the site 
have been fur ther accentuated by distur­
bance of the hydro-geologica l balance. 
Pil lars sunk into the upper layers of the 
soil on the site, wh ich serve as reference 
points, moved sideways by as much as two 
cent imetres and vert ical ly by about a 
cent imetre. 

Geodet ic methods, involving repeated 
t r iangulat ion wi th a 600 m base to keep 
the t r iangulat ion to sca le (Figure 1) have 
maintained an accuracy of 1.5 mm in the 
reference points for the axis of the r ing 
and for the transfer tunnels (Figure 2). 

Design of measuring instruments 

While t r iangulat ion has prov ided an accu­
racy of 1.5 mm for the civi l engineer ing 
work, even higher prec is ion (of the order 
of a tenth of a mi l l imetre) is necessary 
in the instal lat ion of the ISR equipment 
such as magnets. This requires individual 
measurements made to wi th in a few tens 
of microns (a few ten thousandths of a 
mi l l imetre). Fortunately, improvements in 
the methods of measur ing distances have 
been made over the past ten years in res­
ponse to the increasing scale of construc­
t ion work and of 'scient i f ic equipment ' 
wh ich sti l l impose the same, or more 
severe, requirements for accuracy. 

The whole of ISR al ignment is based on 
distance measurements. The basic s tand­
ard is a 4 m Invar metal rule on a ca l i ­
brat ion bench wh ich wi l l be instal led in a 
new air condi t ioned tunnel . Using this 
bench it is possible to measure a length 
of 50 m accurate to wi th in 5 microns. The 
next step is to transfer the length thus 
ca l ibrated between the points to be meas­
ured, and, to th is end, the group 's mecha­
nical and e lectronic workshop has de­
signed some new instruments : 
— The 'Dist invar' (which was descr ibed in 

CERN COURIER vol . 7, page 251). This 
instrument is now ful ly automat ic and 
is connected di rect ly to a computer . It 
uses Invar wires and measures to an 
accuracy of 15 microns over 50 m. 

— The mekometer, des igned in coopera­
t ion wi th the National Physical Labora­
tory at Teddington. This e lectronic dis­
tance measur ing instrument, wh ich uses 
the modulat ion by a h igh- f requency 
f ie ld of the plane of polar izat ion of 
l ight, al lows distances f rom 50 to 600 m 

to be measured to wi th in 0.2 to 0.4 mm. 
— An al ignment instrument using a laser 

beam for s imul taneous measurements 
in the horizontal and vert ical planes. 
Its accuracy in air up to 40 m is f rom 
seven to eight hundredths of a mm. 

Metrology 

In the tunnel of the ISR itself, a double 
ring of pi l lars make up a c losed set of 
braced quadr i laterals (Figure 3) and the 
six lengths in each quadr i la tera l wi l l be 
measured wi th the 'Dist invar' . Wi th in each 
quadr i la tera l , magnets wi l l be instal led at 
posi t ions given by distance measurements 
taken f rom the relevant four pi l lars. 

The transfer tunnels (Figure 4) are the 
most del icate part of the ISR geometry. 
They involve the al ignment of a beam 
channel consist ing of long straight sect ions 
fo l lowed by curves in wh ich the inc l inat ion 
changes ; the a l ignment is therefore to be 
made in three-dimensions s imultaneously. 
The guid ing f ramework wi l l be provided by 
pi l lars set up at regular intervals along 
the beams. 

The el iminat ion of angular measure­
ments, wh ich are always t roub lesome and 
t ime-consuming, and the great f lexib i l i ty 
af forded by the distance measurements wi l l 
go a long way towards reducing the t ime 
needed to al ign the ISR components . This 
saving o ' t ime wi l l also apply when expe­
riments are being set up around the inter­
sect ion regions. There is the possibi l i ty of 
sett lement of the ground in these regions 
when exper imental equipment is instal led, 
and t ime may be required to real ign some 
of the ring components dur ing the instal­
lat ion of the exper iment. 
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