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ABSTRACT 

This is a plea to install steering magnets in the proton beam line upstream of 

the EPB target which is used for the production of neutral secondaries. It is argued 

that, while it is possible to generate high-purity neutral beams as tertiaries, and 

fairly high-intensity neutral beams in the proposed 3.5 mrad beam of the projected 

experimental-area 2, many experiments will depend on the variability of intensity, 

spectral composition, and relative particle yield which can be provided only by the 

possibility of using a given beam layout at angles variable with respect to the incident 

primary proton beam. In addition, we suggest that the neutral beam have a sweeping 

magnet as close to the EPB target as possible; this maximizes the flux of neutrals, 

but makes coexistence with many other beams projected for area 2 impossible. 

1. INTRODUCTION 

The basic fact of life with neutral beams is that, in contrast to charged beams 

where spectral components can easily be singled out, the full spectrum produced at 

the production target will be accepted by the beam channel. In addition, the particle 

composition of neutral beams cannot easily be changed, and all mass separation 

schemes based on charge or elm do not apply. 

For experimentation with neutrals of a given kind, in a given energy range. 

either we have to go through a purification process depending on differences in life

time or absorption in various materials. or we have to produce the desired neutrals 

as tertiaries. where they may then be much freer of unwanted contaminants. The lat 

ter process has the advantage of giving a possible signature ("tagging") for identifica

tion of the particles involved. and in some cases of their energy. but it carries the 

distinct disadvantage of invariably 1) depleting the high-energy end of the spectrum 

and 2) degrading the intensities very considerably. 
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II. SPECTRA OF VARIOUS NEUTRALS 

The general features for the secondary beam spectra are common to the various 

models proposed by CKP, 1 Trilling,2 and Hagedorn and Ranft. 3 They are, for the 

neutral particles of interest: 

Neutrons (as for protons) - strong forward peaking, with a marked preference for 

high energies: 

Neutron 

Neutral Hyperons - similar, but with a 
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Photons - these are derived from the 1T0 spectrum, with a further depletion of the 
--- 4 
high-energy end and an accumulation at low energies 

mrad 

Energy 

III. BEAM CHARACTERISTICS AT VARIOUS ANGLES 

It is important that the neutral beam facility be adaptable to the features of the 

various spectral distributions. It is obvious that the above-mentioned distributions 

imply a very different neutral beam composition depending On the angle chosen for the 

secondary beam hole, with respect to the incident proton beam. 

Depending on the experiments to be performed and the particular neutral beam 

particle desired, the spectral composition will be required to be widely different. 

For the spectra themselves, consult the mentioned literature. 1-4 We have calculated 

the relevantcontaminations of the most important neutral beams, as shown in Tables 

I and II. The quantities of interest are, for the long-lived neutrals: 

I , Yield of particle (per incident primary proton, per unit solid angle, per 

GeV Ic secondary momentum) divided by total yield of principal contaminant, i. e. , 

divided by total neutron yield into unit solid angle, to be taken directly from the yield 

tables (for K
o
L, 

see graphs in Ref. 5). 

2. Yield of particle at given energy and angle divided by yield of main contam

inant integrated over all energies higher than the one considered for the desired secondary 

at the given angle. This is the quantity of greatest experimental interest. Table I lists 

these numbers for secondary photons and long-lived kaons: 
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Table 1. Ratio of (Ko, 1') Yield (per GeV) at Energy E 
to Total Neutron Yield of Energy Larger Than E. 

R y ::: YY(E/Yn(>E) R Ko ::: YKO(E/Yn(> E) 

E (GeV) o mrad 10 mrad o mrad 10 mrad 
----4
 

20 1.7X10
 ~2 
-3 -3	 -3 

50	 1.1 x 10 8.5x10 9.0 X10- 5 
4.8 x 10 

4 -3 5 -3 
80 3.8X10- 2.7x10 4.6x10- 4.0 x 10 

-3 -3 
100 1. 7 x 10-4 

1.4 x 10 3.0X10-5 
3.8 x 10 

120 5.8x10-5 6.0X10- 4 1.9 x 10-5 1.0X10- 3 

150 1.0X10-5 1.3 x 10-4 1.1 x 10-5 6.0X10- 5 

3. Yield of all particles of given type, above a given energy EO' divided by 

corresponding total neutron yield into unit solid angle at given production angle. 

Table 11 lists these quantities in examples for photons and K~ of energies above 

50 GeV; 

Table 11. Yield of (Ko, 1') of Energy Larger Than E, 
Compared to Corresponding Neutron Yield. 

(1') (K o) 

Yield o mrad 10 m r ad o mrad 10 mrad 

Y (E > 50 GeV) 435 15.1 60 16.2 

Yn(E> 50 GeV) 19,800 188.0 19,800 188.0 

Ratio 2.2X10 2 -2
8.1X10 

-3
3 xi 0 8.6 X10 2 

R (E > 50 GeV) 

(All quantities should be taken with caution, these are sliderule cornputat ionsl ) The 

KG yields are assumedto be the mean of the K+ and K- yields (after Hagedorn and Ranft, 

most recent version6). The photon yields are taken from Reusch, 4 calculated from 

Trilling's 7T yields. (The 7T yields agree reasonably well in the different models. ) 

Note that Table 1 clearly demonstrates that for both photon and K
o 

beams, the
L 

background problems due to neutrons decrease noticeably (by a factor of -10 for 
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photons. 50-100 for the kaons) as we go from 0 to 10 mrad. Since different experi

ments will put different emphasis on beam purity and necessary intensity, the asso

ciated loss in intensity mayor may not be tolerable. 

IV. CONCLUSIONS 

We conclude therefore that a continuously variable angle between primary pro

ton beam and secondary neutral beam is a highly desirable feature. It should be built 

into that target area which will house the neutral beam s. Figure 1 shows the general 

layout of this beam area. 

The requirements on the front end are: steering magnets upstream from the 

EPB target provide an angle of incidence variable between 0 and 15 mrad with respect 

to the main downstream beam pipe. 

A sweeping magnet should be as close as feasible (with or without prior shielding) 

to the EPB target, which in this paper has been assumed to be a Be target. The sub

sequent beam pipe should allow for fairly large solid angles (:s 1 uar-}; adjustable 

plugs for solid angle variation would be preferable. since, e. g .• 0 mrad neutron ex
o 9periments will necessitate a much smaller solid angle than, say, 15 mrad K beams. 
L 

Downstream from the main shielding wall we can then build any of a number 

of beams: 

1. Neutron beams - The high flux permits a narrow beam pipe. Insert enough 

lead to remove photons by shower formation. 

2. K~ beams - Depending on energy and intensity requirements. choose angle 

with respect to EPB. Remove photons by means of Pb plug. Neutron contamination 

can be reduced by insertion of further absorbing material, since the neutrons are 
o 

more strongly absorbed than K . 
7

3. Electron beam - A radiator of thickness 0.3 - 0.5X converts the photons in 
o+ 

the neutral beam into e e pairs. The negative component (contaminated by 1T , K 

p) can be tagged by means of a second radiation process in a thin radiator Hz' A 

beam transport of high C;.p / p leads the electrons to the experimental area. 
7

4. Photon beam - Same as (3). but the thin radiator is unnecessary. An addi

tional radiator R reconverts the electrons into photons. At this stage. the photons
3 

may be tagged by coincidence measurement of the slowed-down electrons. 

5. Hyperon beams - If the distance between EPB target and outer wall of main 

shield	 can be kept short, useful beams of !I. hyperons may be feasible in this area. 
B

In particular. it may prove attractlve to use the upper end of the proton spectrum 

from !I.a decay as a source of highly polarized protons. Neutral hyperons other than 

A0 are either too short-lived (:Eo) or too sparse and difficult in signature (:;;:0) for 

usefulness. 
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6. Other neutrals - K~'s should probably be studied in a reconstituted neutral 

beam, due to its short lifetime. The same holds for n, since they can then be 

"tagged" by associated production of mesons. 10 
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Fig. 1 Layout of neutral beam area, giving options for n , K , gamma, and electron experiments. 

(f) 
(f) , 
0' 

'" 



-8 - 88-65 

-2 
10 r---,.---~--~--..--~~~-_ 

~ 

ex: 

-0 

~ 

0

ex: 

108642 

103 
120 

150 

12 

Angle, mrad 

Fig. 2a. Ratio of KO of given energy to total nux of neutrons above that energy. 
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Fig. 2b. Ratio of gamma rays of energy E'{ to total nux of neutrons above energy E'{ 
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