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ABSTRACT 

1
The general-purpose target station proposed by Frauenfelder and Wenze1 has 

been considered in additional detail. The characteristics are; 

1. Four beam channels on each side of the beam provide nominal momenta of 

±15. ±30, ±60, and ±120 GeVI c. Several neutral beams are available too. 

2. Use of a 2-GeVI c front dispersing magnet provides O-degree beams into each 

charged-particle channel. 

3. With a 2(}-kG front dispersing magnet, a lO-inch diameter quadrupole system 

is needed to contain particles with PI " 0.35 GeV/c. A stronger magnet would permit 

some reduction in aperture. 

4. Use of a cylindrical front dispersing magnet provides the possibility of adding 

two lower momentum beams on each side. 

5. A beam chamber containing the front collimators for all channels would be 

removable as a unit. 

6. Following the front collimator. each secondary channel contains a small 

septum correcting magnet, a remotely adjustable (horizontally) collimator, a quadru

pole doublet (or triplet), and a dispersing dipole. 

7. For each channel a focus at the outer edge of the shielding wall (30 ft from 

the beam line) can be obtained for up to twice the nominal channel momentum. 

8. The momentum spectrum of flux available has a fwhm of 1/3 to 1/2 the nom

inal channel momentum. 

9. The quality of the beams is good, so that momentum widths less than the 

pion mass can be effectively collimated. Mass separation should be straightforward. 

10. About 1/3 of the kaons decay inside the shielding wall. 

11. By rearranging a channel to eliminate dispersion, a superintense beam can 

be focused on a target within the shielding wall. This beam can be used to produce 

tertiary beams. 

12. Some special-purpose experiments can be done without rearrangement, 

through detailed control of the front dispersing magnet. 
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13. The amount of modular shielding provided should depend on the time scale 

that can be tolerated for presumably infrequent beam changes and repairs. 

1. INTRODUCTlON 

Three target stations are now contemplated for the experimental needs of the 

early research program. Development of the general-purpose area will be followed 

by that of a bubble-chamber area and of a special-purpose area. It is our intention 

here to discuss the requirements of the general-purpose area and to propose specifi

cations to meet them. 

Because there appears to be some difference of opinion regarding the specifica

tion of such an area It IS well to begin with our understanding of where a strong con

sensus does and does not exist. It is generally agreed that necessary attributes of the 

general-purpose target station are: 

1. A relatively large number of beams obtainable simultaneously from one tar

get. 

2. Independence and flexibility in the operation of the individual channels. A 

corollary of this is: 

3. General inviolability of the front end of the system for at least a year at a 

time. 

4. Some high-quality (Sp $ m ) and some high-intensity (~ 10 
9 

particles per
1T 

second) capability in the secondary beams. 

5. Some beams suitable for separation. 

6. Some neutral beams. 

It appears to us that major sources of disagreement exist on the following ques

ttone: 

a. How much of the total engineering and construction effort should be de

voted to this station? 

b. By what methods are the physics needs of the program anticipated in 

specifying the characteristics of this station? 

c. How "per-manent" a beam layout is desirable? 

d. What is a "reasonable" first stop? 

Certainly these last questions can be tightly coupled. If we believed that the 

physics needs are only barely predictable, we would have difficulty justifying a large 

initial effort on a "permanent" target station. For this r ea.son an effort should be 

made to identify and list probable experiments of interest. These experiments can 

serve as tests for the utility of any proposed target station, but they alone should not 
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be used to define its characteristics. This non-trivial d ist inct ion is undoubtedly the 

source of some of the disagreement noted above. If it were necessary to make signif

icant trade-offs in initial construction for one type of experiment vis-a-vis another ~ 

then NAL could do no better than build its best 1969 set of experiments into the initial 

station, and expect either to make some early changes Or be disappointed in the early 

research program. Our belief, however, is that gross compromise in beam design 

is not necessary, and that general flexibility can be maintained provided that the ini

tial design and construction effort is supported with the professional attention given, 

e. g., to the main ring. With the assumption that such an effort will be forthcoming, 

we propose to discuss further a target station proposed earlier. 1 

ll. FRONT DISPERSING MAGNET 

The heart of the proposed system is the strong (Ip1 1 :5 2 GeV1c) dispersing 

magnet immediately following the target. In (1) the design of an intermediate target 

station that saved the proton beam, required that p1 be restricted to - 0 and 

- ±2 GeVI c. Because we are now considering only an end station, we may let P1 vary 

continuously between the limits. In the proposed system neutral beams in the median 

plane are available at angles Up to ±1O mrad. 

Using the strong front dispersing magnet has the following advantages: 

1. lt can provide many intense high-quality secondary beams simultaneously. 

Without it only one beam can reasonably be obtained. As we have used the term, 

"high intensity" means a reasonable fraction (say 1/3) of all particles that are pro

duced in a given momentum interval. 

2. It can provide optimum (zero degree) target optics to many beams simulta

neously. 

3. It can perform some special-purpose experiments. (Such experiments are 

generally incompatible with simultaneous use except for tuneup. ) 

ltem (1) above is an extremely important advantage because of the large variety 

of experiments needing high intensity. For example, 

a. Single-arm spectrometers have been used with (proton) beams as high as 

10 
121sec. For the higher energies even more flux is desirable at high momentum 

transfer. For secondary pion fluxes, the highest possible intensity will not always be 

as high as we would like. 

b. K±'s, piS, ....±I S . e±ls are produced even less than pions. 

c. The preparation of special tertiary beams (i.e., K± - KO
, P - n, e - y, 

polarized protons, d - n ) requires a high secondary intensity. 

These demands for high intensity are fundamental. They can be expected to be 

important at different energies (possibly for different reasons). It is important to 
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note that a "high-intensity" beam for e. g., 15 GeV/c is grossly over designed if it 

must also be used for 120 GeV / c. Hence the simultaneous provision of high-intensity 

beams in various momentum intervals is important. 

The importance and relevance of some high-intensity experiments is generally 

conceded. The accelerator itself costs more on account of this, much more than 

the differential cost of a sophisticated target station. Hence a significant effort to 

obtain high-intensity secondary beams is justified. 

The evolution of target-station design at the existing proton accelerators has 

been slow for several reasons. Most important is the fact that these stations have 

emerged as part of operating systems, so that at any time, little advanced planning 

has gone into them. As a result only two or three beams at a time have been consid

ered, and these have been forced to fit into a pattern constrained by limited real es

tate, limited funds, and a limited variety of changes that could be made compatible 

with the ongoing program. It is our belief that external-beam target stations at the 

AG8, ZG8, and Bevatron would be far more useful if they could follow a plan similar 

to that proposed in (1). A serious limitation at the lower energies, however, is the 

limited strength of magnetic fields. With ZO kG in the front dispersing magnet and 

10-inch quadrupole apertures it is barely possible to obtain the "high-intensity" flux 

at 15 GeV/c. At lower momenta the necessary length of the magnet and the resultant 

source dispersion would be limiting unless the apertures of the front magnet and of 

the secondary beam channels were permitted to grow inversely with the momentum. 

In an attempt to get around this problem, LRL is now considering the design for the 

Bevatron of a 70 kG supercondueting magnet intended as a front dispersing magnet. 

Such a magnet could help at NAL to reduce magnet apertures. For the relatively high 

beam multiplicity under consideration a large forward opening is needed. Hence the 

reliable cylindrically symmetric magnet design would be complicated by strong azi

muthal forces on the corls , This problem is undoubtedly soluble; for the present de

sign, however, some state-of-the-art improvement will be needed if the necessary 

reliability is to be achieved. Another possibtlity is a 40-kG magnet using cryogenic 

(aluminum) coils, but both this and the super conducting magnet would have to contend 

with serious refrigeration problems introduced by the high local radiation. 

Perhaps the best present solution for NAL is a cylindrical high-field conven

tional magnet with tapered pole tip, like the M5 type at the Bevatron. This magnet 

has enough coil to produce useful fields with gap widths of several feet. With an 8

inch gap and the addition of more return yoke, the field strength should reach at least 

40 kG averaged over the five-foot diameter pole tip. Besides reducing the initial dis

persion through the use of the stronger field, which permits some reduction of the 
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aperture of the system, the use of a cylindrical magnet permits the extraction of addi

tional beams on either side. say at 5 GeV/c and 1 GeV/c. These beams would becom

petitive with the best obtainable at the lower energy accelerators. and they could be 

added for little cost. The lower momentum beam. though not satisfying the "high

intensity" condition, could easily be justified for the studies of stopping and in-flight 

kaon decays and interactions, and for calibrations r equir ing non-relativistic particles. 

A picture-frame magnet. as proposed in (1). could also be operated at 40 kG 

with the resultant gain in system aperture, but without flexibility to add the new beams. 

An advantage of using the picture-frame design is that the coil can be serviced (or 

replaced) by removing it upstream througb a suitably designed target box. Danby2 has 

found that for a picture-frame magnet the current r-equir-ed for 40 kG operation is only 

30% above the "air-gap line." Hence. extrapolating from data given in (1) Table Il, 

we would need only a 21-in. wide coil to obtain 5 kA/in~ operation at 40 kG. With the 

required gap width of 12 inches this would require a 54-inch wide tar get box for coil 

(and pole tip) removal. The width required for the 20 kG magnet in (1) is 40 inches 

which could be retained for the 40-kG magnet by operation at a not impossible 

7.5 kA/in. 2. 

III. VACUUM SYSTEM 

Figure 2 shows how the target box may be connected to the front dispersing mag

net. which is in turn connected to the beam chamber, which is in turn connected to 

each secondary-beam channel. It is relatively straightforward to seal the target as

sembly and picture-frame magnet to the fixed end of the target box. Downstream of 

the tar get box the beam chamber may be coupled through quick -di sconnect vacuum 

fittings. This job probably represents the most difficult engineering challenge of this 

project. Hence it is worth considering the elimination of vacuum couplings in favor of 

thin ($ o.o ro-ro , aluminum) windows. In this case the target, the dispersing magnet, 

the beam chamber, and the secondary-beam channels would have separate vacuum sys

tems. With this change assembly would be considerably simplified, although for optr

cal reasons tight position tolerances must be maintained in the alignment of target, 

collimators, and quadrupoles. Because of the distance scaling that characterizes the 

secondary beams , scattering in the vacuum windows will give a rms source size of 

about 0.004 in. for each channel. For a target size of 1 mm, assumed in (1), this 

will lead to a negligible deterioration of the optics. 

IV. BEAM CHAMBER 

The beam chamber is of irregular shape, as shown in Figs. 2 and 3, with an 

average width of 3 ft and a length of about 70 ft. It would contain the front collimators 
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for each beam channel including the neutrals. Hence its removal would hopefully 

eliminate most of the intense residual activity around the beam lines. Figure 3b 

shows how a lifting plate can be used to provide radiation shielding during removal. 

The total weight can, if necessary, be limited to 30 tons. 

It is assumed that extraction of the beam chamber will be needed only seldom, 

if ever. Nevertheless the amount of shielding above it will not be large, and we rec

ommend that it be easily removable (concrete and iron). 

V. SECONDARY CHAHGED-PARTICLE BEAM CHANNELS 

Problems from residual activity outside the beam chamber should not be severe. 

Hence the vacuum connections in the secondary-beam channels may be conventional. 

The flexibility needed for change of this part of thc system is a matter of judgment. 

We believe that the system proposed in (1) is relatively flexible without any change 

inside the shielding wall. However, the price of general flexibility here is the use of 

shielding blocks instead of dirt; we believe this can be a worthwhile investment. Use

ful variations of the beam channel layouts will be discussed in Section VI!. 

VI. SECONDARY NEUTRAL BEAMS 

In (1) it was proposed that the long backstop be crossed with transverse tunnels 

to allow for the addition of periodic sweeping magnets and for the insertion of precision 

collimators into oversize beam channels. This flexibility will tend to increase the 

permanence of the backstop. Neutral beam extr actton off the median plane of the pro

ton beam should also be considered. For beams headed downward at more than a 

mtHir-adian there is little chance for the proton beam to be steered accidentally into 

the beam hole. The same objective can be largely achieved by the alternative of using 

a small vertical steering magnet ahead of the target. 

VII. FLEXIBILITY IN NEW BEAM DESIGN 

In (i) a specific be am was laid out for each channel. Aside from the "high

intensity" requirement each was designed to produce at the entrance to the experimen

tal areas well-focused beams with dispersions adequate to give heam rnomentum widths 

of 100 Ge V/ c in realistic collimator slits [3/ i6 in. in the worst case (1 ZO Ge V/ c II. 

See (1) Table I. In addition the beams were separated by about ZO It and they continued 

to diverge into the experimental areas. Possible modifications for various uses are 

considered below. The fluxes are given in Fig. 1. 

A. Beams With Well-Defined Kinematics 

If less flux is required the beam emittance hori zontally can be improved using 

the adjustable collimator ahead of the front quadrupole , The limit on this is about a 

two order of magnitude reduction, at which point the penetration of muons from pion 
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decays ahead of the collimator becomes important. Below this f lux a better beam can 

be obtained with a heavier fixed collimator inserted into the quadrupole from down

stream. This will limit the beam to paraxial rays and reduce the effect of any magnet 

aberrations. 

Improvement in the performance of the final collimator can be made by increas

ing the dispersion (i. e., by adding dipoles). An increase of as much as a factor of 

two in one beam. however. would eliminate its separation from its neighbor at the 

entrance to the experimental area. 

B. Separated Beams 

Ahead of the final collimator only about one-third of the kaons decay in each 

channel; hence, it is reasonable to begin separation beyond this point. lt is possible 

to separate within the shielding wall, although for high fluxes with the proposed sys

tem the required apertures would be too large for microwave separators. In the an

ticipation of a trade-off of horizontal and vertical focal properties it might be well to 

add extra quadrupole units. so that. using independent control of the various elements, 

the beam optics may be more easily adjusted to the needs. The present 25-in. HBC 

beam at the Bevatron incorporates a "zoom-lens" so that aperture and magnification 

may be traded according to the kaon momentum of interest. 

C. Parallel Use of Beam Channel for Multiple Setup 

Use of a switching dipole can feed the beam of any channel to one of a number of 

users located side by side in the experimental area. lt is possible to use the first 

channel dipole for this. too. The possibilities are increased by the fact that the vari

ous major beam channels continue to diverge in the experimental area. This proce

dure is followed to some extent at the existing high-energy proton accelerators. 

D. Parasitic Beams 

The proposed beam layout in (1) provides enough separation between primary 

beams (~ 20 ft) so that more beams could in principle be placed between. Such beams 

can emerge from the dispersing dipoles at various momenta on either side of that for 

which the central beam is set. and if the collimating slits are carefully located. these 

beams also will be of well-determined momenta. Because the primary user of each 

beam channel will probably have a relatively narrow beam-transport system to a final 

detector located well beyond the shielding wall. we may expect to find room on both 

sides for short beams adequate for test purposes. 

E. Superintense Secondary Beams 

From Fig, 1 we see that the intense beams in a given channel are limited in 

momentum, (The curves are sharper in fall-off if we keep the septum compensating 
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magnet at constant field.) We may therefore obtain an intense beam of limiied mo

mentum width with only the small dispersion introduced by the common front dispers

ing magnet. This dispersion too can be removed with a very modest dipole following 

the quadrupoles. Such a beam can be useful in producing tertiary beams from a rela

tively coarse target. The effective target size will be determined primarily by chro

matic aberration; hence, a momentum width of up to 100/0 may be useful. Using Fig. 1 
10, 10, 9, 8 

we find that	 this width would give Iluxes of 7 x 10 5 X 10 9 X 10 and 2 X 10
13

pions per 10 interacting protons at 15, 30, 60, and 120 GeV/c, respectively. 

The direction of such a beam would differ considerably from the corresponding 

beam considered in (1); hence modification of, say, the 15-GeV/c beam alone could 

lead to interference with the 30-GeV/ c beam, unless the latter's disperions were also 

reduced. See (1) Fig. 2. 

The reduced beam angle of the super intense facility allows the secondary target 

station to be kept within the main shielding wall, a help in preparing the massive 

shielding needed for such a beam. As a special case we note that the primary proton 

beam at reduced machine energy can easily be brought down one of the secondary chan

nels. This provides a special hazard in the case of the superintense beam layout. 

F. Special-Purpose Applications 

Although compatibility should be a general goal, the target station proposed in 

(1) offers without modification the possibility of several important special-purpose 

applications. Using the various channels with control of the front dispersing magnet, 

we can measure the yields of secondaries of momenta from a few GeV/ c to maximum, 

produced at transverse momenta up to 4 GeV/c. Hence without modification the im

por-ant early beam survey can be made from this station. It is also apparent that the 

individual secondary channels can be used in a limited way as single- and double-arm 

spectrometers in the study of two-body kinematics. 

VIII. OBJECTIONS TO THE PROPOSED TARGET STATION 

Finally, it is well to respond to some of the more commonly voiced objections 

to stations of the type considered here. 

1. The front dispersing magnet will seldom be set correctly for a given experi

ment. 

We believe this objection arises in the frustration of using present target facili

ties where only two or three experiments at a time are compatible in setup, and where 

the use of available equipment by one setup tends to affect significantly the design of 

another. In the proposed backstop we would, for example, have the correct current 

in the front dispersing magnet approximately half the time for each experiment, even 
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if we didn't know in advance what polarity would be required. (It will be necessary, 

of course, to limit the number of special-purpose experiments, for which the front 

dispersion might vary capriciously.) With a large number of setups we will tend to 

say that the glass is half full rather than half empty. 

2.	 A thick target in the dispersing magnet will lead to impossible radiation 
13

problems at the intensities considered (up to 10 protons per second). 

The solution of this radiation problem has several parts. 

a. Shielding should exist between the target and the coil to reduce irradiation 

of the insulation. 

b. Coil design should be conservative, using inorganic materials where 

possible. 

c. The coil should be removable through the target box or from above. 

d. Thermal problems may rule out cryogenic magnets, but they are a small 

perturbation for a conventional magnet of the size required. 

3. Use of a strong dispersing magnet increases the lateral shielding problem 

(for muons J. 

This is true, and the consequences should be investigated carefully. Some gen

eral observations suggest to us, however, that the proposed design will be all right. 

With 2-GeV/ c transverse momentum a muon will be stopped (neglecting coulomb scat

tering) by a steel wall parallel to the beam and 60 inches thick. Given a proper fit of 

the collimators and magnets, we have nearly such a wall to begin with, even without 

concrete or dirt. Those muons which find a given beam pipe will number less than 

the pions, unless the adjustable collimator is well stopped down. In any case this is 

a problem for heavy local collimating right along the beam line, which must be done 

in any case to preserve beam quality. 

4. High intensity is not needed. Satisfaction of this doubt is either unnecessary 

or impossible 

5. High intensity costs more. This is true (usually), and it may dictate that 

low-intensity experiments dominate the initial program selection. But if the capabil 

ity of high intensity isn't built into the initial station, it will be all but impossible, 

bearing in mind our present traditions, to achieve it in the forseeable future. In this 

respect we feel that a 200-GeV target station is very much akin to the accelerator. 

6. Modular shielding costs too much. This is a matter of judgment. Personally 

we feel that the general-purpose target stationshould not expect to change configuration 

significantly for at least five years. Maybe the start of a new station will be preferable 

to any major change. However, there may be failures, and if the beams are covered 

with dirt, this will have to be scraped off. In this case it should be determined 
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whether each $1 M worth of concrete and steel can save us a week, a month, or a 

year of downtime. We therefore propose for consideration a compromise approach, 

namely to buy enough modular shielding for the backstop, and if the beams appear, 

after some use, to have long-term, general utility, replace it with dirt and use the 

modular shielding for the very intense beams in the experimental areas. 

ACKNOWLEDGMENTS 

The author is indebted to W. Gilbert, D. Keefe, and particularly to T. Elioff 

for support in many of the ideas developed here. 

REFERENCES 

1H. Frauenfelder and W. A. Wenzel, Target Stations with High Beam Multiplicity, 

National Accelerator Laboratory 1968 Summer Study Report B. 7-68-108, Vol.ll, 

p, 291. 

2G. Danby, Washington Meeting of APS, 1969. 



-11- SS-150 

1010r--r--r---r----,r--.....,....---,r--.....,....---,r--.....,....---,r--..,....__t 

15 GeV Ie Channel 

en 
c: 
o-o 30 GeVIe Channel... 
a.. 
C' 
c:
Co) -o... 
CI1c: 

60 GeV Ie Channel ... 
CI1 
Co 

~ 
>
CI1
:e 
o 
Q 

120 GeV/e 
Channel 

6
10 0L..---"--L.....-......L..--JL.....-~----l-.....L-----l_......L....--I-...J.... ....... 

20 40 60 80 120100
 
Momentum ,GeV/e 

Fig. 1. Pion yields to be expected in the channels of Fig. 3a, as calculated from CKP
Trilling formula. using specifications from Frauenfelder and Wenzel (1968 Summer 
Study Report B. 7-68-108). 



P:IGeV/c 
M5 Type
 
Cylindrical
 
Mognet
 

50 

P :15 GeV/c 
. 
cc 
e. 

Beam
 
Line
 150 200 

Target 

30 ...., 

60 N 

~O 
250 

iJl, 
en 
o 

100 
Inches 

Pig. 2. Detail of target dispersing magnet. 



40~ Inches 

10-

30 

, .... 
'" , 

Neu'ral 

60 GeV/c
»<:" 

-'-8;;;; Chamber 
Vacuum 

0.010" AI Window 
or Quick Disconnect 
Vacuum Fitting 

A 

300200100o-100 

Target Box 

Vacuum 

Jam Line-~'-~-

Targe,/ 

Picture Frome 
Magnet Coil 
40 kG 

20 

-200 

Fig. 3a. 

400 500 600 700 800 900 1000 
Inche. 

Proposed beam layout 

[f] 
[f], .... 
'"o 



-14 - SS-150 

Strongback 
andShield for 
Lifting Only 

-------- 40"--------.. 

Section "A-A" from Figure 30
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