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ABSTRACT 

The characteristics of a beam which will permit a thin transmission target (or 

a thick target) to be placed upstream of the horn target in area 1 are outlined. Hadrons 

produced at O· are collected into a transport system for the production of muons. The 

protons which have not inleracted in the transmission target are refocused onto a 

second target. 

INTRODUCTION 

In this report we outline the characteristics of a beam which will permit a thin 

transmission target (or a thick target) to be placed upstream of the horn target in 

area 1. Had ron s produced at O· in a solid angle of 30 fLsr are collected into a trans

port system for production of muons and tagged neutrinos. The protons which have 

not interacted pass through the first elements of this system and, after separation 

from the hadrons, (Pmax = 100 GeV/c) are refocused onto the second target. 

BEAM OPTICS (Fig. 1) 

A triplet IT1) was chosen for the first element to allow a more symmetrical 

angular acceptance. The first magnet is located 10 meters from the target and is 

focusing in the vertical direction. Immediately after the triplet a bending magnet t Bf ) 

bends the secondary beam 16 mrad and the proton beam 0-8 mr-ad, depending on the 

magnet setting for the secondary beam. 

A bending magnet (BPI) is mounted on a movable platform (12 m long) capable 

of translating about 30 em (total) in a direction perpendicular to the beam. This trans

lation is necessary due to the variability of the secondary momentum (including possi

ble reversal of polarity) and to the finite width (± 4 em) of the hadron beam. The 
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proton beam is refocused achromatically onto the second target by a second identical 

set of bending magnet (BP 2) and quads run in series with the first. 

Proceeding down the secondary beam line, we have a second bend (B2) after 

15 m and 30 m downstream of that we have a focus at the momentum defining slits. 

Located at this point is a field lens and on either side is a 10 em by 7.5 em high bend

ing magnet each bending up 5 mrad. The net upward bend of 10 mrad produces a 1% 

grade and causes the beam to emerge at ground level 600 m downstream. The choice 

of distances to the first focus was taken as follows: 

1. The 15 m between first and second bends allows the proton bending magnet 

at 12 m , which is about the shortest distance which gives adequate separation of the 

beams. 

2. A total of 64 mr-ad of bend is chosen to reduce problems with muons of low 

momentum produced early in the system. With less bend, these would be harder to 

separate and the halo around the decay region would be increased. This halo may well 

be the major problem for the neutrino tagging. Sixty-four mrad gives 38 m separation 

between this beam and the main neutrino beam line at 600 m. We wish adequate sepa

ration so that muon experiments in this beam can run simultaneously with the 25 -foot 

bubble chamber in the other beam line. 

3. Approximately 50 m is required after the focus to the lens which focuses the 

had rons down the decay tunnel in order for the chromatic aberrations not to widen the 
1

beam (see Fig. 2). For a 10% pass band, the ratio of object-to-image distance must 

be - 10:1 and we desire a 500 m decay tunnel, hence the 50 m choice. 

The rest of the hadron system into the decay tunnel consists of two more sym

metrically placed bends followed by a doublet or triplet lens which sees an achromatic 

point source located at the first focus. This lens then focuses the rays to a 10 -crn 

spot 500 m away as shown in Fig. 2. 

DECAY TUNNEL 

An 8-inch vacuum pipe should be quite adequate for the SaO-meter distance. 

This can be dropped in sections into a tunnel excavated in the cheapest possible man

ner and, according to a suggestion by R. R. Wilson, filled with water until tagging 

experiments begin. The tunnel depth varies from 6 m to 1 m over its length. 

MUON DISPERSION AND HADRON ABSORBER 

Two sets of quadrupole lenses are used to focus the muons to a crossover for 

momentum selection and hadron removal in a Be filter. The second focusing element 

then reforms the beam to a waist at the experimental target. The muon angular diver

gence is essentially that of the pions, a typical decay angle being - 0.1 mrad. At 
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energies much lower than 100 GeV some loss of intensity might result from the angu

lar divergence of the muons. 

Bending in the muon system could be done with 2 sets of 2 18D72 (AGS-type mag

nets). The gap should be at least 4 in. to match the quadrupoles. Probably6-in. quads 

and a 6-in. gap would be better match to the beam size. Twenty-four mrad of bend is 

specified (2m x 20 kG in each magnet). One hundred meters from the first bend, the 

muons clear the neutrino beam by 2.4 meters. 

Ten meters of Be are placed at the muon focus to remove the hadr-ons, This 
6

corresponds to 30 interaction lengths and should purify the beam down to rr/l" - 10

or better. The multiple scattering is 1 mrad rms which corresponds to the angular 

divergence of the beam at that point. The final quad should be 8 in. to allow for this. 

The ionization energy loss is - 4.5 GeV. 

At lower energies multiple scattering of muons in the Be filter may cause seri

ous halo problems downstream. We recommend here that the aperture of the beam be 

defined by a magnetized iron collimator capable of giving enough outward momentum 

to a muon striking it to overcome any possible further multiple scattering in the poles 

of the deilecting magnet. Such a collimator should be easy to make and cheap to run. 

It should be placed immediately before the final bend and should be the defining aper

ture of the system. Ten meters of collimator should give 5 GeV Ie radial momentum 

which is 4 times that available from the deflecting magnet (rms multiple scattering in 

10m of iron is 0,5 GeV l cs. 
After the initial bend of the muons, they pass through a channel in a magnetic 

shield, shown here to be of the type recommended by Frisch, although the March type 

of shield (Hmagnetwithout a gap) may be cheaper since we are dealing with muons of 

a single sign. Enough transverse momentum is given stray muons to completely re

move them from either the neutrino or the muon experimental areas. In 30 m of iron 

magnetized to 16 kG, we obtain almost 15 BeV of transverse momentum. A 100-BeV 

muon is deflected 15 meters to the side 100 meters away, so this shielding should be 

effective for either muon or neutrino experiments. A few (-10) meters of dirt shield

ing for" soft" muons which might be scattering back is desirable. We note that mag

netic shielding here is for particle s of only one sign and we do not have a large flux of 

hadrons striking the shield. 
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Fig. 1. Front end of muon beam. 
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Fig. 2. Muon beam after decay tunnel. .... 




