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ABSTRACT 

A number of muon beams are compared, ranging in size from a 100-meter beam 

using 2 quadrupoles to one a kilometer long requiring ZZ quadrupoles. 

I. INTRODUCTION 

In an attempt to determine the necessary characteristics of a muon facility at 

NAL, the many suggested experiments have been reviewed with an eye to elaborating 

specific beam requirements. The reader is referred to these specific reports for 

details of a given experiment. 1 Out of this collection of experiments emerges a de

scription of a muon beam that would satisfy most of these proposals. The general 

characteristics are: 

Muon momentum	 tOO ± 5 GeV/c 
108/secFlux 

Spot size 4 inches 
Angular divergence ± 1 mrad 
T1' C ontamination 10- 6 

Each experiment deviates from this norm somewhat. First generation f.'-P inelastic 

scattering experiments may be done with fluxes of fO7/ sec. An experiment to search 

for the intermediate boson may want left-handed muons; most beams yield only right

handed particles. Z One difficulty in producing very high-nux beams may be insistence 

that the beam divergence and momentum spread be small since individual beam parti

cles could not be detected. 

II. UNRESTRICTED BEAMS 

To appreciate what is involved in obtaining a given flux. three specific beam 

configurations are briefly compared. all having the general characteristics described 

above. No consideration is given to possible environmental restrictions. 

3
A. One-Lens Beam

The first beam considered employs a single-pion lens to capture a large solid 

angle (-100 ust er-), followed by a 90-meter drift space. The muons are momentum 
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analyzed in the conventional manner by a pair of dipoles separated by a long defining 

collimator. A 10-meter carbon filter after the first dipole r ernoves the remaining 

pions, and the protons are dumped at the end of the decay channel. This method of 

disposing of the protons is simple and does not affect the beam optics but is suitable 

only for short beams as the entire 100 meters must be radiation hardened. Pions out

side of the selected ± 80/0 momentum bite are absorbed in the walls of the iron decay 

channel. 
8 13

At muon momenta of iOO±5 csvt «, this configuration yields 1.6 x i0 fl!i0

interacting protons. The flux cannot be increased merely by lengthening the decay 

channel. Since the lens focuses pions only, and the momentum analysis stage deals 

only with muons, the beam polarization may be reversed by appropriate lowering of 

the muon momentum transmitted by the momentum analysis stage. 

4
B. Yamanouchi Beam

T. Yamanouchi has designed a modest beam of some 250 meters in length using 

6 quadrupoles and 4 dipoles. A 75-I"ster front end accepts pions produced about 0'. 

Protons are dumped via a pair of dipoles immediately after the first capture lens. 

These bends are dispersive and complicate the beam optics slightly. 
8

Yamanouchi obtains a flux of - 3 x 10 fl+!10 13 interacting protons but notes 

that a Monte-Carlo calculation yields a factor of two less. For the sake of compar

ison, this loss is ignored as the same losses may result in the one-lens beam if one 

propagates muons properly through the filter and collimator. 

C. Long Beam 

A one-kilometer b earn certainly allows more TTIS to decay. But, one must now 

graduate to a full-fledged muon channel, employing some 22 quadrupoles. 5 As the 

pion beam drifts, the phase -space ellipse rotates towards the displacement axis. nar

rowing in angular width. After -100-200 meters, the TT - I"decays begin to deplete 

the phase-space density; the ellipse fattens. It is necessary to periodically right the 

ellipse to minimize these losses. Note that an ideal muon channel is not an optimum 

neutrino device. A good muon beam must be kept small and focused often, whereas 

neutrino fluxes are improved if the pion focal length is very long, approximating a line 
9. 

source. Lengthening the beam raises the flux a factor of 5 to -1.5 x 10

One sees here that the beam front end is very important. At NAL energies, the 

beam will hold itself together for -100 meters and need not be focused. Indeed, fluxes 
8!sec

>10 may be obtained by a single lens and a 100-meter drift space, while increas

ing the beam length to 200 meters raises the flux by at most a factor of two but costs 

four additional quadrupoles and twice as much real estate. 
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Ill. AREA 2 MUON BEAM 
6

The high-intensity pion beam described by Barish for area 2 is a candidate for 

a muon beam. This beam collects 3.B uster of pions in a ± 50/, momentum bite, yteld
9 13 

ing 1.3 x 10 n+/10 interacting protons. The phase space of this beam is very 

small, and a muon system may be easily matched to it after the pion momentum anal

ysis. Limiting the beam length to 250 meters will keep the muon facility inside the 

experimental hall. Assuming 100% muon transport efficiency within the ± 5% momen
7 

tum bite, we find a flux of _10 ,..+ Indeed, any experimenter using the complete 

pion beam as described by Barish must contend with a muon .,contamination" of > 10 7. 

Table I summarizes the parameters of the four beams discussed above. The 

high-intensity pion beam in area Z might be sufficient for some early muon work. 

Most experiments will require one of the other large solid-angle beams. Such a beam 

is necessarily a "pig-beam" in that it needs large-acceptance O' production angle and 

thereby excludes other small angle beam lines. 

IV. MUON-NEUTRINO MARRIAGES 

There are numerous suggestions for combining a muon facility with the neutrino 

beam serving the 25-foot bubble chamber. A number of schemes will be ignored, only 

the most recent ones receiving comment, 

1. The proton beam could be diverted to an alternate target in the same target 

station striking this target at a suitable angle relative to the neutrino beam. Pions 

may now be collected at 0', and a beam of the variety discussed above can easily be 

adapted. There are environmental differences between such a beam in area 1 and 3, 

but their discussion is beyond the scope of this report (and the understanding of the 

author ). 

2. If a high-energy quadrupole focused beam were built. 7 pions could be ex

tracted from the neutrino channel after the first lens. As one must transport a large 

momentum bite over a considerable distance, this bend must be achromatic. Two 

dipoles separated by a multi-quadrupole lens are needed to furnish a -1 transfer ma

trix. The first bend must clear the next neutrino quad and the multi -quadrupole lens 

must necessarily be downstream of this neutrino magnet. Such restrictions on bend 

angle and element spacing, coupled with the resultant large apertures needed to trans

mit a wide momentum band,make this a difficult task to realize. 

One small additional note: the muon tunnel emanating from the neutrino channel 

will reduce considerably the earth shielding along this channel. A 2-meter wide muon 

tunnel at 10 mrad appears as a ZOO-meter shield:ing gap along the neutrino direction. 

3. A third possibility for the neutrino area is to extract muons from the end of 

the neutrino decay channel. Aside from the possibility that the neutrino quadrupole 
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channel might not be an optimum muon source, it appears this option would not com

promise the muon beam. There are, nonetheless, a few severe logistical and oper

ational problems peculiar to this particular wedding. 

V. MUON BEAM SHIELDING 

One of the formidable design problems presented by NAL muon beams is reduc

tion of the beam halo, the flux of unwanted muons that may frustrate an experiment. 

This is a complicated question and warrants a sophisticated Monte-Carlo attack. 

However, a few general comments can be made. 

Three sources of halo may be identified: off-momentum muons in the beam. 

muons lost from the channel, and pions not captured in the channel. To provide a 

physically well-defined beam spot, the momentum analysis stage must be capable of 

removing muons near the full beam momentum, 100 GeV/c say. This can be done by 

a 70-meter collimator of iron. This is not badly matched to the dipole separation 

required to give a ± 5% momentum definition. Magnets 10 meters long would bend the 

beam through 60 mrad and require a 50-meter lever arm to obtain sufficient spatial 

dispersion. It may well be more expedient to use a denser collimator and stronger 

magnets or perhaps some magnetic sweeping of unwanted muons. These muons, along 

with those not transported by the channel (a more diffuse source l, represent 80% of the 

total decay muons, or four times the useful beam flux and must be ranged out by the 

collimator walls. 

Pions leaving the channel must be killed, before decaying, by their strong inter

action in shielding surrounding the vacuum pipe in the channel. But pions in the chan

nel typically have angles no larger than 3-4 mrad. Off-momentum pions rejected by 

the system may then emerge with angles as large as 10 mrad. A one-inch thick iron 

beam pipe appears Z-1/ Z meters thick to these pions and will eliminate most of them. 

Hence, it is not at all necessary to pack the channel with shielding; a thick vacuum 

pipe will suffice. 

I appreciate many helpful discussions. particularly with A. Maschke, L. Read, 

and J. Sanford. 

-364
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Table 1. Summary of Beam Characteristics. 

(All beams deliver 100 ± 5 GeV/c muons) 
Decay Beam 

Beam 6p/ p I" Length Spot ~ Flux/1013p 

8
One- Lens 100 f'ster ±8'10 90 m 4 in. ± 1 mrad 1.6 x 10

8
Yamanouchi 75 f'Ster ±5'10 200 m 4 in. ±2mrad x 10

9
Long Beam 75 f'Ster ± 50/0 1,000 m 4 in. ±2 mrad 1.5 x 10

7
High-Intensity 3.5 mrad 3.8 f'Ster ± 5% 200 m 4 in. ± 1 mrad x 10 
TT Beam 
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