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We describe here the geometrical and optical properties 

of the two hadron beams in the neutrino area. These beams 

were designed to service the NAL 15 foot bubble chamber and 

the ANL 30 inch bubble chamber with up to 500 GeV hadrons. 

Geometry 

Figure 1 shows the hadron beam lines. Hadrons from the 

neutrino tunnel are brought through an aperture in the shield 

wall which is 4 x 2 inches (H x V). This hole is located 

14.5 inches from the neutrino beam center line. Hadrons 

passing through this aperture may be either secondaries pro- 

duced by interactions in the target box or the proton beam 

itself which has been imaged onto the shield hole. Shielding 

in the downstream area has been sized with the expectation 

that only a small portion of the available proton flux (10 10 - 

lo= ppp) would ever be brought through the shield wall. 

Beam coming through the shield aperture is transported 

by the magnets immediately following the shield wall onto 

a hadron beam production target which will serve as a source 

of particles for both bubble chamber beams (see Figure 1). 

The hadron beams view this target at a production angle of 
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3.0 mr so as to minimize the acceptance of muons produced 

by decays in the neutrino tunnel. A dipole capable of a 

3.0 mr bend will be placed near the target so that the 

target may be removed and particles from the neutrino decay 

tunnel may be injected directly into the hadron beam lines. 

The beams for the two bubble chambers separate at approx- 

imately the first focus. In the initial phase of operation 

the energizing of a magnet near this focus will deflect the 

beam from the 15 foot bubble chamber channel into the 30 

inch bubble chamber channel. In a later section we discuss 

how this might evolve into a fast switch which would allow 

both chambers to operate on the same accelerator cycle. 

After the first focus the two beams are completely 

separate. Tables l-3 show the positions of the major beam 

components for the transfer section, the 15 foot bubble 

chamber beam, and the 30 inch bubble chamber beam respectively. 

The coordinate system used is the DUSAF system with 100,000 

subtracted from the z-component. In this system the neutrino 

beam center line is at x = -8 inches. The units used in these 

tables are feet, milliradians, amperes, kilowatts. The 

magnetic fields are in kilogauss for dipoles and kilogauss 

per inch for quadrupoles and are given at a beam momentum of 

500 GeV/c. 

Optics 

An optical diagram of the transition section, 15 foot 

bubble chamber beam, and 30 inch bubble chamber beam is given 
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in Figures 2-4 respectively. In the bubble chamber beam 

diagrams we have drawn the limiting rays assuming a target 

of full width and height of 0.10 x 0.04 inches. It is seen 

from these diagrams that with such a target size the beam 

to the 15 foot chamber is capable of momentum resolution of 

.038% and to the 30 inch chamber of 0.066% (full width). 

Second order optical effects, magnet allignment errors, etc., 

have not been included in these estimates. Both bubble 

chamber beams have a solid angle acceptance at the target 

of about 0.25 vsr and will be capable of transmitting a 

momentum bite of up to 1% full width. 

Fast Switching 

For fast (- 100 msec) switching of the hadron beam from 

the 15' bubble chamber to the 30" bubble chamber we can consider 

changing the field in the bending magnets just before Fl. 

Main ring bending magnets operate with a dB/dt of 5.5 kilo- 

gauss/set. Thus for 500 GeV/c particles a main ring bending 

magnet can change its bend angle by 0.2 mradian in 100 msec. 

If we were to use only the last three bending magnets before 

Fl so as to avoid changing the beam center line through 

quadrupoles, then we could move the center line of the beam 

over by 4.7" at the first horizontal focus. We could then 

insert a septum dipole producing a 1.4 milliradian bend 

(77 kilogauss ft. at 500 GeV/c). This new beam line would 

insect the old 30" beam line just inside the muon cut at 

which point we would require another bending magnet producing 

1.0 mrad to make the two lines coincide. 
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It is often desirable in a bubble chamber beam to be able 

to count the number of particles entering the bubble chamber 

and, when the number exceeds a certain level, kick the rest 

of the particles coming down the beam line out of the beam 

line onto a slit face. 

In the hadron beam to the 15' bubble chamber this can 

be done by a vertical kicker magnet located at - 6650 DUSAF, 

that is, - 120' before the field lens. This has the advantage 

that the displacement caused by the kicker at the vertical 

slit at w 6910 is increased by - 90% by the field lens. To 

be specific, the kicker can produce a displacement of 8 mm/ 

. 05 mrad of kick. Since the beam at this point is only 

4 mm high (including second order effects for a momentum 

bite of + 0.5%) . 05 mrad of kick should be sufficient. 

For 500 GeV/c this requires N 2.5 kilogauss ft. -- just l/10 

what the .3 m CERN pulsed magnet described in CERN 64-35 

will produce. 

Fluxes 

Particle yield calculations have been made for incident 

proton energies of 200 and 500 GeV using the Hagedorn-Ranft 

model. Figures 5 and 6 show the expected yields of negative 

pions at the bubble chamber. We choose to plot these yields 

in terms of the number of interacting protons needed to pro- 

duce 100 pions at the bubble chamber for a beam with a nominal 

solid angle acceptance of 1.0 usr and full momentum bite of 

0.1%. Note that the beam described here has a solid angle 

acceptance of 0.25 psr. Zero degree production has been 
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assumed even though the nominal production angle viewed by 

the beam is 3.0 mr; with the use of a target magnet zero 

degrees could be reached. Decay losses have been included 

in all of the flux computations. 

We now consider the question of positive pion beams. 

Here the relevant quantity is the ratio of positive pions 

to protons as a function of bombarding proton energy and 

secondary particle momentum. This ratio is plotted in 

Figures 7 and 8 for 200 and 500 GeV incident protons res- 

pectively. For a substantial range of positive pion momenta, 

beams of considerable pion content can be achieved which 

with Cerenkov detector tagging could be used in a bubble 

chamber. It may be practical to produce a positive pion 

beam with a lower proton contamination if sufficient negative 

pions from the neutrino decay tunnel could be targetted and 

used for the production of a positive pion beam. 

Figures 9 and 10 show the fraction of the hadron beams 

which will be composed of K+ and F at 200 and 500 GeV 

incident protons respectively. Even with mass tagging the 

study of bubble chamber interactions with these particles 

would seem very difficult in this beam if this production 

model is correct. 
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15 Foot Bubble Chamber Beam - Hadron Target to 15 Foot Bubble Chamber 
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15 Foot Bubble Chamber Beam - Hadron Target to 15 Foot Bubble Chamber 

continued 
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30" Bubble Chamber Beam - Hadron Target to 30" Bubble Chamber 
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Figure 1 
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Figure 3 



Figure 4 
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