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When the N0 line is modified for 1000 GeV, it is anticipated that the 
NS beam will no longer be able to use the N7 line for its source of protons. 
This results from the desire to use only conventional magnets in Neuhall, 
to make the Muhall/Neuhall split instead of the N7/N0 split, and to place 
additional shielding in Enclosure 100 thereby hardening the berm for 
1000 GeV operation 1

'
2

' 3 • Since Neutrino experiments will require a 
calibration beam, a preliminary study has been made to target a small 
amount of beam in the N2 beamline and to transport it to the present 
Enclosure 109. The magnets in Enclosure 109 are positioned so that beam 
can be sent to either Lab E, the lS ft. Bubble Chamber, or to Lab C through 
the newly constructed cal,ibration beam between Enclosure 109 and Lab C. 
In going from the N2 line to Enclosure 109, the main fact to be faced is 
that ~ 7S mrad of horizontal bend is required, no matter what path is chosen. 
The major intent of this study is to investigate various beams that would 
yield calibration particles at a minimum of cost. Therefore, no attempt 
has been made to split the primary proton beam going to Muhall to obtain 
o0 production. Equipment and additional enclosures necessary for splitting 
as well as providing a focus on the target were given up in favor of a 
simpler, less costly system. The beam will not have its own primary proton 
beam, but will take its production from a thin transmission target (few 
percent) placed in the beam going to Muhall. This immediately means a large 
spot size on the target, however, the final spot size is not crucial for 
the purpose of neutrino detector calibration. The beamline uses existing 
magnets in the NS line and requires in addition three large aperature 
bends or three 6-3-1204 magnets for SOO GeV operation. 
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For completeness, the various options studied are shown schematically 
in figures l and 2. Beams A and C use a thin target positioned at the 
downstream end of Muhall and Enclosure Q3 o~ the Muon Beam is enlarged 
slightly. Beam A is directed to Enclosure 109 with no elements or 
enclosures between Q3 and 109. Beam C adds two enclosures for beam 
monitoring and momentum recombination. Beyond - 150 GeV/c both of these 
beams require a substantial addition to Enclosure Q3 to accommodate 
additional bending magnets. Beam D has the major bends inside Muhall so 
a momentum of 500 GeV/c can be achieved without increasing the cost. For 
this reason, most of the effort and results are given for Beam D. 

Beam D has one additional enclosure between Muhall and Enclosure 109 for 
beam monitoring and momentum recombination. 

The N2 beam is below ground and about 12 feet below the N5 beam. 
It is therefore natural to take vertical production off the target. 
Figure 3 shows the relative flux gains in choosing various production angles. 
The production angle is changed by moving the target position, keeping the 
rest of the beamline fixed in £. As the target is brought closet the 
production angle decreases while the solid angle increases; figure 3 shows 
the trade off between production and solid angle. Without using special 
magnets, the placement of enclosures and magnets in the proton transport 
to Muhall is such that the smallest obtain~ble production angle is -
1.5 mrad. An angle of - 4.3 mrad is a special case where no vertical 
bends are necessary upstream of Enclosure 109 to accomplish the 12 foot 
increase in elevation between the N2 and N5 beamlines. 

Results 
Using figure 3 as a guide, a reasonable choice of production angle 

is - 2 mard. For this angle choice, the number of secondary particles 
per 10 11 interacting protons is given in figure 4. The flux was obtained 
using the Stefanski-White 5 pion production spectrum for 1000 GeV incident 
protons and the ray tracing program DECAY TURTLE 6 • A list of beamline 
elements and their locations are given in Table I using standard DUSAF 
coordinates minus 100,000. The £ coordinate is the downstream end of 
each listed element. (The Y coordinate has not been corrected for the 
earth's curvature which ranges from 0 to l inch in the proposed beam.) 
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