
SS-70 
2224 

THE DESIGN OF LONG PULSE MONOPOLE FOCUSING ELEMENTS 

R. B. Palmer
 
Brookhaven National Laboratory
 

ABSTRACT 

Three monopole designs are considered. It is concluded that a) conventional 

pulsed horns or fingers can be made to operate for up to to ms ec , b) a de lithium 

magnet is theoretically possible but requires technical development, c) a new design 

of de monopole (the FISH) is both possible and practical and could be used In a wide

band system for neutrino beams. 

1. INTRODUCTION 

Monopole focusing elements have many advantages over quadrupole elements. 

For instance: 

1. For given focal lengths a monopole has a greater momentum acceptance 

than a quadrupole pair Or triplet (factor of about two). 

2. Quadrupoles designed to accept 70"/0 of all produced particles are very large 

except for very high momenta; e. g. , to focus all to-GeV pions quads with 2 meter 

diameter aperture are required. 

3. Quadrupoles focus one momentum at all production angles, whereas mono

poles can be designed to focus higher momenta at smaller angles, lower momenta 

at larger angles. in accordance with the angular distribution of the primary particles. 

4. Quadrupoles inevitably focus both signs of particles. 

With these advantages we may ask why monopoles are not more often used. The 

answer lies in the fact that they are usually puls ed devices with the following disad

vantages: 

1. They require high voltage pulsed engineering and are often unreliable. 

2. They are unsuitable for counter experiments where long spills are r equir-ed. 

lt is therefore of interest to ask for how long a pulse a monopole could operate 

and if one could be built to run de. 

First, I shall consider conventional horns or fingers, then I shall consider 

alternative designs. 
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II. CONVENTIONAL HORNS OR FINGERS 

Both horns (Fig. 1) and fingers (Fig. 21 require the current to pass through a 

narrow tube (0. d. r 11 near to and in general surrounding the target. The larger this0 

r 1 the larger and more expensive the horn becomes, the length being proportional to 

r l' In current designs r 1 - 7 mm and the length is of order 3 meters. All problems of 

a long period have to do with the heating in this narrow tube. 

The temperature rise per pulse is given by 

AT (1 ) 

where current in amps 

S specific heat 

p density, gms! em 

r 
1 

radius in em 

AT temperature rise in degrees C. 

Equation (1) is true provided the skin depth is less than the metal thickness. 

The equation deserves to be pondered for it shows that AT is independent of both the 

electrical resistivity and the time constant! 

For I = 300,000 amps and an aluminum tube with rio 7 mrn, AT - 50' C which 

is satisfactory. Only if the skin depth is greater than the metal thickness will trouble 

be encountered. The skin depth d is given by: 

where R = specific resistance in ohrn > em and w = 21T" x frequency in cycles/ sec. 
6For 1lf 140 msec, R = ~ x 10- G em for aluminum, d ~ 3 mm,0 

This is reasonable, but near the upper limit on the thickness of a tube whose 

radius is only 7 mrn , A 140 msec cycle would provide 10 - 15 msec of tolerably 

constant field. If longer spills than this are required, troubles are met with not only 

in temperature rise in the element but also in the cost of the power supply which is 

now used primarily to supply the resistive loss and only secondarily to provide the stored 

magnetic energy. This is in contrast to the opposite situation in the fast (10 "sec) 

monopoles at BNL and CERN. 

Reference should be made here to the horn at Argonne 1 which provides tolerably 

constant current for 2 msec. Any slow monopole would have to employ a transformer, 

as was done at Argonne, to match the horn to the condenser bank. However, I would 

suggest a more conventional transformer external to the horn in place of the rather 

exotic design at Argonne. 

I conclude that a horn or finger design could be made to operate certainly at 
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2 msec and probably for 10 msec at an increase in cost of between x2 (for 2 msec) 

and X4 (for 10 msee l, The increased cost goes into the transformer and condenser 

bank to provide for the increased resistive loss. 

III. COLLINS LITHIUM LENS 

The Collins 2 lens consists of a solid cylinder of cryogenic lithium down which a 

uniform large de current is passed (see Fig. 3). The length of the cylinder is limited 

to about 30 em in order to avoid excessive interaction loss (20%) in the lithium. The 
4 2. 

current density attainable is estimated by Collins to be 10 amps/cm The focal 

length f is given by 

where p is momentum in GeV/e, 1 is element length (30 em), o is current density 
2 4

(amps/cm ). Thus for 20 GeV, a = 10 , 1 = 30 em, we get f = 2 meters. 

The diameter of the device turns out to be independent of momentum and equal 

to - 10 em to catch 80'70 of all particles. The power dissipated is 500 watts at 30' K 

if the resistivity is 0.6 x 10-9 ohm em. 

Disadvantages of this design are: 

1. It requires the use of an exotic hazardous material, Li. 

2. The use of multiple elements will raise the loss of particles to an undesir

abl e level. 

3.	 The resistance value is somewhat speculative since it depends on the availa
9

bility of material of adequate purity. (Collins took a value of 0.3 x 10- which was a 

theoretical ideal value. I have doubled this to make a more realistic estimate.) 

Advantages of the design are: 

1. Short focal length which makes it suitable for the first element in a multi-

element focus system. 

2. True dc operation allowing its use in other beams. 

IV. THE FISH 

Inspired by a suggestion of D. Frisch, I propose the FISH. I call it a fish be

cause it has fins. It is essentially the same as the Collins' device in that it is a cylin

der in which an essentially uniform current density is passed. The cylinder in a fish 

is not, however, solid but made up of many radial segments, spaced by radial gaps 

such that a constant 80% of the volume is gap and only 20'70 conductor (see Fig. 4). 

The conductors may be of any material (we propose All, and we accept that once a 

particle enters the conductor, it is absorbed. If, however, the target is small and 

axial, then a particle, if it is not at once absorbed, will never be absorbed. Thus no 
4 2 

matter how long the fish, we lose only the same fixed 20%. For 10 amps/cm
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conductor current density the mean density in a fish is in principle 5 X less; i. e. , 
3 Z 

2 X 10 amps/cm This is 5 X worse than that in the Collins lens. It should be 

stressed, however, that whereas the resistance and current densities proposed for 

a lithium lens are speculative, those for cryogenic aluminum are not. Danby3 at 

Brookhaven has tested magnets made of commercially available aluminum and ob

tained the current densities and resistivities in Table 1. 

Since there is no limit on the length of the fish we can start it at the target and 

continue it to the point where all particles of the required momentum are focused. 

This distance we can define as L which is given by 

7p/a)1/2,L " (1.2 X 10 

2. 
where p is in GeV/c, a is mean current density in amps/cm For p = 20 GeV, 

3, 
a = 2 X 10 L = 3.5 meters. The effective focal length f is L X 2/" = 2.2 meters. 

Thus we see that despite a current density lower than in the lithium lens, we are able 

to focus 20 GeV particles in almost the same distance. Higher momenta could be 

focused in less distance than the Li lens; lower momenta require more distance than 

the Li lens. 

The required diameter of the fish is less than for the Li lens due to partial early 

focusing. For any momentum 80% are caught if outer radius r = 7 em. The power 

dissipation is 600 watts for 20 GeV, thus the power is similar to that for the Li lens. 

For neutrino beams, we usually require a wide -band system; i. e. , one that 

accepts a wide momentum band and focuses all particles of given sign. 

Such a wide -band FISH system could be made using four fishes with character

istics as shown in Table 1. It is noted that Fish #3 and #4 use such low currents that 

they need not be cryogenic. The performance of such a system might be close to that 

obtained in pulsed wide -band systems. The cost is estimated as follows: 

3,000 watt liquifier $400 K 

Fish #1 and 2 400 K 

Fish #2 and 3 200 K 

s 1 M 
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Table 1. Possible Parameters of a FISH Focusing System. 

I d r o'	 P 
2 

meters meters cm amps/cm	 kW!!..	 .x: 
4 ~ 

3.5	 0 15 10 200/0 7 x i o 2.6 
6

2	 3.5 8 40 4000 5% 10 0.4 
6 

4.0	 48 100 900 4% 10
6 

4 4.5 248 250 300 2% 10
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Fig. 1. Focusing with a horn. 
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Fig. 2. Focusing with a "finger. II 
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Fig. 3. Collins uniform current lithium lens. 
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Fig. 4. Proposed FISH. 
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