


























The aluminium collimator ( figure [c6] ) is a machined round bar of 2850 mm length 
and outer diameter 490 mm ; its total weight is about 1400 kg. 
On its longitudinal axis, the bored beam hole (ø 88.8 mm) is cylindrical over 1 
metre, starting at the front side, and conical on the remaining part, but machined in 
regular cylindrical 1 mm steps (end diameter: ø 116.8 mm) resulting in an average 
opening angle of 8 mrad. The collimator is centered along the slope of the beam axis 
and its front side is at 3.55 metres from the target centre. It is placed on a manual 
adjustable base frame supported by a specially equipped CERN standard iron 
shielding block. 
Support, collimator and its base frame are auto centering and can easily be 
removed. 
The collimator is water cooled by two separate drilled circuits, one at each end, both 
cooling circuits being connected in parallel. 
The cooling circuit of the Al collimator is connected to the same closed circuit as the 
Cu collimator and the secondaries of the horn and reflector pulse transformers ( see 
figure [c ]. The corresponding pump station is located behind the cave elevator with 
a heat exchanger cooled by the TF demineralised water circuit. 
The total water flow is 1.5 m3/h with Æp=3 bar resulting in a mean temperature of 
45 ºC measured on the outer circumference at the middle of the collimator, when the 
total SPS intensity is 2.3 * 1013 protons for the 2 spills of the SPS 14.4s supercycle. 
The energy deposited in the collimator is estimated in [4] and [5] and calculations fit 
very well with the experimental values. 
 

2.3 Neutrino magnetic horn and reflector 
 

These elements are 2 pulsed toroidal lenses designed to focus the pions and kaons 
emitted from the target into a nearly parallel beam. 
This beam produces muon and neutrino decay products along its 414m flight path 
( 124m cave and 290m vacuum decay tunnel ), before hitting the long iron and earth 
shieldings needed to stop all muons. 
(The undecayed parent particles and other hadronic particles are stopped in the 
first few meters of this iron shield). 
Three measuring pits V1, V2, V3 at increasing depths inside the iron shielding are 
equipped to measure the muon flux distribution. 
 
optical design 
The magnetic horn and reflector are optically designed to enhance as much as 
possible the neutrino flux in the detector volumes of CHORUS and NOMAD and 
are optimized in terms of inner and outer conductor shape by calculating the 
trajectories of the neutrino parent particles (pions and kaons) using the computer 
program GBEAM . Calculations have been done by V. Palladino. 
 
neutrino flux enhancement factors 
The magnetic volume is confined betwen the inner and outer conductor of the 
element with the azimuthal magnetic induction B (Tesla) varying as B = μ0 I/2¹ r in 
MKSA. 
The currents retained to aim at excellent reliability are : 
IH = 100 kA and IR = 120 kA. 
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2.5 Neutrino horn & reflector electrical systems 
 

2.5.1 General layout 
 
The requirement is to produce a stable field or current in the horn and reflector 
during the 6ms spill extraction. To achieve this condition, the choice was made to 
use the current impulse produced by the discharge of a 17 cells LC delay line into a 
load resistance equal to the characteristic impedance of the delay line Rc = L /C = 
1½. 
Between load and pulse generator is inserted a pulse transformer of ratio 32 
which offers following advantages: 
 
1.- the primary current is the load current divided by 32. 
Only two thyritor switches in series are sufficient to switch the required current 
pulse. 
One primary cable only is necessary between pulse generator and transformer, and 
this is useful since this distance is around 100m from the surface to the cave where 
the transformer is located. 
 
2.- the voltage on the load is low since it is the pulse generator voltage divided by 
32. This factor is specially interesting, since it allows not to exceed 200V on the horn 
and , as already explained, allows to use radiation resistant Arclex spacers for 
insulation. 
 
3.- the transformer includes in fact 4 primary coils and 4 secondary coils interleaved. 
The leads of the 4 primaries are mounted in parallel externally to the coil mould; the 
4 secondaries are attached to 4 strip-lines connected to the horn connexion plates 
and this offers the possibility to tune their impedance by adjustment of the 
inductance of each line through correction of the width and hence the possibility to 
equalize the 4 secondary currents. This is used as an indirect measure of correct field 
distribution in the horn as already pointed out earlier. 
The transformer is located in the vicinity of the horn, as much as possible outside of 
the high radiation areas. In an ideal case, this transformer could be located in a 
separate service tunnel completely outside of the radiation area and the manual 
coupling to the striplines organised in such a way that it takes place in a radiaion 
safe area. 
 
4.- the low primary current allows to insert one remote controled and motorised 
polarity changer on the power line just after the thyristor switch. It is located in a 
separate cabinet and remote control is possible from within the supervisor panel 
provided by the beam control system. This polarity changer is not shown on the 
drawings. The change of polarity takes one minute. 
Following figures show respectively the general horn transformer circuit [c13], a 
view of the secondary side of the horn transformer [c14] and the electrical systems 
of horn and reflector[c15]. 
The electrical layout of the reflector is identical to the horn layout. Due to the long 
distance of 71.5m between horn and reflector, two independant electrical systems 
were almost compulsary and offer some flexibility in the operation. 




















































