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ABSTRACT 

A neutral-beam channel to permit detectors within 10 meters of the target is 

discussed. Such a beam can be used to study flo and :=.0decays and K
O 

decays in 

the region of maximum K: -K~ interference. The beam combines sweep magne1 

and hadronic shield into a single device for compac1ness. Reasonable fluxes can be 
910 10 

ob1ained wi1h proton beams of 10 10 per pulse; thus, the beam need not have 

access 10 a primary pr-oton line. 

This beam is designed 10 provide a neutr-al channel as close as possible 10 a 1ar

get. In 1he range be1ween 101020 meters from a 1arge1 i1 is possible to observe 1he 

decays of neu1ral hyperons (flo and :=.0) a1 high ra1es and observe K
O 

decay in a re

ion where 1he K: -K~ in1erference is a1 a maximum. 

The layou1 of the beam is shown in Fig. 1. To save space and cu1 down muon 

flux, 1he func1ion of sweeping magnet and hadronic shield are combined in a single 

device 7 me1ers long. (See Appendix B.) This close to the 1arge1, it seems impos

sible 10 make 1his beam compatible wi1h any other- from the same targe1 excep1 pos

sibly an unsepara1ed charged hyperon beam using 1he same shield. Thus, a1 leas1 

initially, it should run in a secondary pr-oton beam of about 10 9 protons Zpulse . For

1una1ely, if 1he production curves of Ref. 1 are anywhere near righ1, particle fluxes 

should be adequate for a wide varie1y of experimen1s under 1hese conditions. La1er, 

provision can be made to use a primary pr-oton beam, as will be discussed below. 

The beam has a high neu1ron background, and is 1hus of limi1ed utility for s1rong

inter-action s1udies, which migh1 be be11er performed with "tagged" beams. 

Flux and Decay Ra1e 

Figures 2 and 3 give 1he in1egra1ed flux of various particles and 1he decay r-ate 

per me1er for unstable particles as a func1ion of dis1ance from 1he 1arge1, for O· pro

duction angle. Figure 4, which gives 1he variation in flux 15 m from 1he 1arge1 for 

various production angles, illus1ra1es 1ha1 O· production is optimum for all but a few 
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K
O 

experiments. Thus all further discussion will be based on O· production. All 

curves are based on yield data from Ref. 1. 

Figures 5 and 6 give the particle spectrum and spectrum of decaying particles 

at 15 m from the target. 

No attempt has been made to estimate rl fluxes. Since T/M is almost exactly 

the same for =.0 and flo, if the spectra are at all comparable the =.0 flux and decay 

rate should simply be scaled down from that for !I.'s. Even the spectrum of =. 0should 

approximate that for A
0 

, as the decay process dominates in peaking up the spectrum 

toward its high end. 

As can be seen in Fig. 6, the total decay rates for K
s
o 

and K
L
0 

are equal for 45 

GeV/c kaons at the "canonical" 15 meters. Of course, the optimum position depends 

on relative partial rates, but since there is reasonable interference in any region 

where the amplitudes (rather than intensities) are comparable, and 45 GeV / c is near 

the middle of the K 
O 

spectrum, it seems likely that nearly any decay mode can be 

studied in a region of high interference with this facility. 

Beam Aperture and Solid Angle 

The aperture of the beam is determined by the requirements of any particular 

experiment for spread of transverse momentum in the beam. For example, if one 

wishes recoil protons or neutrons from A -decay to reliably clear the beam, we have 

a limit of about 50 MeV on transverse momentum, which means 

-4
0.05/200 2.5 x 10 

Thus, one could observe about 4 x 10- 6 A decays per interacting proton, or 
9about 4000 decays/pulse in a secondary proton beam that produces 10 proton inter

actions per pulse with a 2-meter detector. 

The beam-defining aperture in this case would be 4 mm in diameter, so that 

slit-scattering may be a serious problem. Fortunately, this condition seems the 

most stringent likely to be encountered. Most experiments can tolerate apertures 

above 1 ern and thus solid angles about an order of magnitude greater than that indi

cated above. But extreme care will be necessary in designing the defining collimator. 

Proton-Beam and Real-Estate Requirements 

Though the beam is a "selfish" one, as indicated above, it probably can be prof

itably used for at least a few years in a secondary proton beam, Furthermore, since 

there is no beam transport required, it preempts very little experimental space. A 
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free region extending perhaps 50 m from the target and no more than 15 m wide should 

be adequate. 

Vertical sweeping of muons is probably desirable to simplify experimental de

sign and reduce the muon-shielding problem. The more abundant fl+ are swept into 

the ground. At peak intensity, a fl- beam several meters square, with a flux of less 
5

than 10 fl- per pulse, will strike the back wall of the experimental area 50 m from 

the target, about 7 m above the beam level. At this point, the muon flux will be dis

tributed over about five square meters and will thus be below biological tolerance of 
5/(meter)22 x 10 s ec. 

A need for a primary proton beam is not anticipated until about three years after 

machine turn-on. Thus, the most reasonable plan would be to leave this option for 

Area 3. Since the setup for this beam is rapid, and its space requirements small, no 

need for detailed planning of this move seems necessary at this time. 

Experimental Program 
8

As soon as a secondary proton beam of 10 protons/ sec is available in Area 2, 

a beam survey can begin. The survey should measure the polarizations of the A
0 

and 

'E.0 
and should involve some study of targets to optimize yields of different particles. 

Depending on the results of this survey and the state of physics at that date, experi
8 

ments can be performed as soon as it is possible to deliver beams in the range 10 to 
10. 

10 A few examples of possible experiments include: 

1.	 A - e vp, fl vp with polarized A's.
 
o + - + 

2. 'E. - L; e v, L; fl v branching ratios. 

3. Search for 'E. 0 
- L; - e+ v as a test of L;S = L;Q. 

4. Search for 'E. 0 - p-r- as example of L;S = 2 decay. 

5. A-p elastic scattering. 
+ 

6. Search for l\. - e e n (neutral current). 

7. K~ - K~ interference to measure relative phase of all common modes. 

8. KO
- P elastic scattering. 

Examples of experiments that might require higher proton intensities include 

high-statistics tests of selection rules, searches for very rare or forbidden modes, 
o 0 o. .". 11 0 )K decays and KS - K mterfenmce in exotic modes (such as K But it seems
S L e4. 

clear that there should be enough use for the beam before such intensities are avail 

able. 

Compatibility with Charged Hyperon Beams 

By providing curved channels in the magnet, a charged hyperon beam could be 

Simultaneously produced. To permit the full range of energy, one channel should 

probably be at the 2.5 mrad angle for 200 BeV/c particles. One or more higher angle 
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channels could be provided to permit lower momentum beams without sacrificing muon 

deflection. A second magnet, probably a very narrow high-field C-magnet, should 

bend this beam back down to remove it from the muons. 

There is one serious problem, however. The distance between the charged and 

neutral beam lines is so small that not only can they not run simultaneously, but for 

most experiments they can not even be simultaneously in place. If hyperon decay 

physics proves to be of major interest, this may be a serious handicap. 

APPENDIX A 

Beam Survey Techniques
 

The survey for 11. and K
O 

decays can use the two-body decay modes p1T - and
 
- +

1T 1T (to interpret the latter will require knowledge of the phase of the decay param

eters for this mode, but this should present no difficulties by the date in question). 

The setup for the survey is shown in Fig. 7. It is depicted here also as an ex

ample of the type of experimental setup to be used with this beam. It has by no means 

been optimized but is simply offered as an example of the techniques required. The 

wire planes, which range in size from less than 2 in. X 2 in. near the decay region to 

16 in. x 30 in. for the largest one behind the magnet, should present no problem. At 

current technology, angular resolution of 10 -4 should be feasible, giving a typical 

error in transverse momentum of 5 to 20 MeV. The analyzed magnet is 80 in. long 

and has a gap of 8 in. x 30 in. at a field of 15 kG, giving a momentum resolution of 

0.1% to 1.5% over the working range. It must contain internal wire planes to resolve 

charge ambiguities and pick up low-momentum pions. 

Scintillation triggers are not shown, as the best arrangement should be worked 

out in detail. Solid-angle coverage ranges from about 30% at 40 GeV/c to 100% above 

120 GeV/c; detection efficiencies of one-fourth to one-half these values should be pos

sible. 

The setup shown is for 11. decay. At most production angles and energies, the 

K
O 

decays represent a small contamination of the 11. sample, both because the two

body mode is rare and because the Jacobian of the decay piles up events near the max

imum transverse momentum, which is twicethatfor the 11. decay. To provide the Same 

solid-angle coverage in a K
O 

survey, the wire planes ahead of the magnet are moved 

up to half the previous spacing and the magnetic field is cut in half. because the trans

verse momentum is twice as great. A's are no serious background for the KO survey 

because most of the solid angle is outside the 11. decay cone, 
0 0

To survey for :=: 0, a ,, detector must be built. The" from this decay should 

have a relatively flat spectrum from 10-40 BeV, thus have opening angles for the y 

pair of from 3 to 15 mr ad, A modest-sized shower chamber just ahead of the 
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spectrometer magnet but outside the wire chambers for the A detector should pick 

these up with high reliability. Otherwise the A detector remains intact. 

The angular distribution of the A decays cart be 'calculated to sufficient accuracy 

to determine the polarization (error in em angle should be from 50 to For the15 0). 

=.0, the polarization will have to be folded into the Tfo opening angle distribution, but 

this should be sensitive enough. 

APPENDIX B 

8hi eld Magnet 

A rough design for the shield-and-sweep magnet is shown in Fig. 1. The mag

net is 7 meters long. A central portion surrounding the beam hole is uranium-filled; 

50,000 to 100,000 ampere-turns should be sufficient to drive the magnet to saturation 

at around 25 kG. The field is chosen as horizontal because it should be easier to de

sign detectors if the muons are vertically displaced from the beam plane. This shield 

will provide: 
8

1. A hadronic level about 10- the primary-beam intensity. 

2. A bend of 26 mrad for 200 BeV! c muons, producing a particle-free zone 

10 cm to either side of the beam plane at the magnet face. 

3. About 10- 3 muons per proton transmitted. About one per cent of these are 

from 35 to 200 BeV! c and are concentrated in the outer 40 cm of the gap on each side. 

The remainder emerge in a region outside the coils with a slope of about 0.15 radians 

and not much vertical divergence, Provision should be made to exclude personnel 

from the region of these muon beams. 

The coil size shown, 10 x 50 cm, is sufficient to permit an uncooled copper coil. 

With a 500/0 packing fraction the power dissipation is about 50 kilowatts, which falls 

within tolerances for uncooled heavy-gauge insulated wires. A cooled coil can be con

siderably more compact. Since the coils are well outside the hadron cascade volume, 

they should not be a significant "leak" in the shield. 

The magnet contains about 300 tons of steel, which requires no special care in 

fabrication. At current price levels, this will cost about $100,000. The coil design 

is not fixed at this point, but the arrangement shown would contain only 4 tons of cop

per; a cooled coil would contain considerably less. Thus, copper cost should be negli

gible. 
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Fig. 1. Sweeping magnet and hadron shield for production of neutral beam. 
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Fig. 2. Particle nux vs distance from target, 0" production. 
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Fig. 3. Particle decays per meter path length vs distance from target. 
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Fig. 4. Particle flux 15 meters from target, as a function of production angle. 
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Fig. 5. Particle spec1ra 15 meters from target, 0' production. 
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Fig. 6. Spectrum of particles that decay at 15 meters from target, 0' production. 
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Fig. 7. Layout for beam survey for KO, /I. 
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Fig. 8. Sweeping magnet, looking upstream along beam. 
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