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Introduction
This report gives the beam |ine design for converting

the major horizontal bend fo the Meson Laboratory from con-
ventionatl .magnets to superconducting magnets. Currently
this 165 mr bend is accomplished in Switchyard enclosure
"C" by five Lambertson magnets and 56 external proton beam
dipoles (EPB's). In the new design these magnets are re-
placed by twelve Lambertson (or H type) magnets and 21
superconducting dipoles. This change conserves electrical
energy, as well as allowing the beam to be upgraded to |
TeV. Present plans are to install the superconducting

magnets in the spring and summer of 1980.

Several overall criteria guided the beam design.
First, the new beam design in enclosure "C" must match up
exactly in angles and position with the present beam |ine as
it enters and leaves enclosure "C", I1f possible the optics
of the new beam line must be the same as at present. The
new beam line must work with the present 400 GeV Switchyard
as well as the upgraded 1 TeV SwiTchyard1. In particular,
the superconducting dipoles were to be installed in their
final 1 TeV positions at the start. Changes in position of
other magnets was to be minimized in going from 400 GeV to 1
TeV. Space had to be left for the present Neutrino !line as

well as the upgraded 1 TeV Neutrino/Muon beam linesz.
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Finally, the new beam line had to fit into the present en-
closure "C" tunnel. This last requirement was by far the
hardest to satisfy and meeting it leaves very litftle flex-
ibility in the beam design. The rest of this report gives
the details of each section of the new beam design. Figure

1 shows the overall layout of the Meson. left bends.

Lambertson Magnets

Presently the Meson and Neutrino beam lines are split
horizontally by five Lambertson magnets at the upstream end
of enclosure "C",.* One TeV operation will require the addi-
tion of more Lambertson magnets as well as several H mag-
nets downstream of the present Lambertsons. The new mag-
nets cannot go upstream of the present Lambertsons as one
quickly runs into the upstream wall of enclosure "C". Thus,
the bend center for the Meson/Neutrino split will neces-
sarily shift downstream for 1 TeV as compared to the present
beam. However, this spl!it bend center must remain fixed for
400 GeV superconducting operation and | TeV operation.
Rather than change the present position of the Lambertsons,
it was decided to add an EPB dipole to the 400 GeV split,
thus moving the split bend center downstream. This magnet
is showh in figure 2 as MH201. It is in the same z position
as the present MH201-2. This magnet will run in series with
the five present Lambertsons to produce a total 12 mr split.
For 1 TeV opeation this dipole can either be removed or used
as a horizontal trim (see figure 3). The new split is
required to be greater than the present split of 7.7 mr
simply to keep the superconducting dipoles within the con-
fines of the present tunnel. Figure 3 shows the 1 TeV
split. Note that a total of 12 magnefs are used for the
split and that four of them are new (yet fto be designed) H

type magnets each 10.5 feet long and having the same mag-
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netic field as the Lambertsons. Other magnet arrangements
could be used as long as the total bend remained 12 mr and
the bend center remained fixed.

Figures 2 and 3 also show. the clearance of the splift
magnets from the west wall of enclosure "C" and from the
Neutrino/Muon line to the east. Note no problem is fore-
seen at 400 GeV, but that the Neutrino/Muon line is very
close at 1 TeV. In particular, if the MV100 string is made
up of main ring Bl dipolesz, then the coils of the first Bl
magnet probably interferes with the upstream end of the leff?t
bend superconductor. However, there is virtually no flex-
ibility in the superconducting left bend beam design at this
point. Fortunately, the Neutrino/Muon line should be able
to work around this problem, so figure 3 should be viewed as
the worst case, not as the final design for Neufrino.

Superconducting Dipoles

The remaining horizontal bend of 153 mr is done using
21 superconducting dipoles. These dipoles are broken up
into two sftrings of ten and eleven magnets as shown on
figure 4. Designs using twenty superconductors in two
strings of ten were also considered, but they did not safis-
fy the design criteria as well as using 21 dipoles. Figure
4 also shows the position of two turnaround boxes, tTwo
junction boxes and six drift space assemblies. These boxes
and assembl!ies contain cryogenic and vacuum connections,
relief valves, and assorted instrumentation. Figures 5 and
6 show the position of the superconductors relative to the
tunne! walls at the downstream end of the first string of
superconductors and at the upstream end of the second string.
These positions are shown as the magnets are closest to the
wall there. Note that the <closest a magnet comes to a wall

is about four to five inches.
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Vertical Up Bend

Just before teaving enclosure "C" the Meson beam Jine
is bent up 10 mr by MV204 such that it reaches ground level
by Meshall. Currently MV204 is a string of four EPB dipoles
as shown in figure 7. At 1 TeV, one needs room for seven
EPB dipoles to accomplish this up bend. However, after the
superconductors are placed where they must be (to miss the
tunnel walls), there isn't enough room for seven dipoles as
well as the necessary quadrupoles and horizontal! frim.
Thus, it was decided to make part of fthe up bend super-
conducting by inserting a ftwelfth superconducting dipole on
the downstream end of the second string of superconductors
and rotating it ninety degrees (see figure 7). This super-
conductor is in series with the other 21 superconductors.
The remainder of the 10 mr up bend (2.5 mr) is accomplished
by two EPB dipoles. By looking at figure 7 one can easily
see that the 1 TeV layout shiffts fthe vertical bend center
upstream relative to its current position. The bend center
cannot remain the same unless one moves the downstream wall
of enclosure "C". The beam was designed so that at 400 GeV
the 10 mr vertical bend can be done without the use of the
rotated superconductor. Four EPB dipoles are used and they
are positioned so their vertical bend center is in the same
place as the 1 TeV layout. Figure 7 shows the following
details of the three different layouts for the downstream
end of enclosure "C". First, the drift space assembly
inserted between the horizontal superconductors and the
vertical superconductor is five feet long, not the usual
three feet. The extra length is essential to making The
position of the vertical! bend center work out for both
superconducting solutions. The position of MQ206 and MHT204
is exactly the same in all three layouts. Also the posi-
tions of MV204-3 and MV204-4 in the present line are very
close to the position of MV204-2 and MV204-3 in the 1 TeV
line, so one might consider leaving them in place for all

three layouts.
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Vertical Dogleg

The beam had to be lowered in order to match up with
the changed bend center for the vertical up bends. Also, it
was found necessary to lower the beam about two and one half:

inches in order to provide clearance between the tunnel

ceiling and the upstream junction box. Both of these cri-
teria are met by a vertica! dogleg made up of MV201 (see

figures 2 and 3), and MV203 as shown on figure 8. These two
magnets are run in series, and MV201 is in the same posi-
tion along the beam line as the present MH201-1. MV201 bends
the beam down while MV203 bends 11+ up making the beam hori-
zontal again.

Beam Optics

An attempt was made to keep the beam optics In en-
closure "C" as close as possible to the present beam optics.
Presently, three quadrupoles (MQ201, MQ202, and MQ204) are
interspersed among the left bend dipoles and one (MQ203) is
in the region between the two main dipole strings (see fig-
ures 1 and 8). These four gquadrupotles are run rather hard
producing horizontal foci or waists near MQ202 and again
about one hundred feet downstream of MQ204. The reason. for
this "strong focus solution" was that it minimized the hori-
zontal excursions of off axis or off momenta beam particles.
Thus, the beam was close tTo achromatic (recombination oc-
curring near the Meshall target) and relatively insensi-
tive to the current regulation in the left bend dipoles.
Conventiona! quadrupoles cannot easily be interspersed among
superconducting dipoles and so all four quadrupoles must be
placed in the region between the two superconducting strings
when superconducting dipoles are used. Since the quad-
rupoles are moved closer together it was found that the
field strength had to be even higher in order to match the
present optics. The higher field strength would have
required eight quadrupoles instead of four even fo run at

400 GeV. A*+ 1 TeV, one required twelve quadrupoles. The
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placement of these twelve quadrupoles is shown in figure 8,
where one includes the quadrupoles shown as optional. Fig-
ures 9 to 11 show the beam optics for this strong focus
solution with twelve quadrupoles. These optics are quite
similar to the present beam optics. Figures 9 and 10 show
the horizontal and vertical beam envelopes respectively,
while figure 11 shows the horizontal excursions of a par-
ticle one tenth of a percent off momentum. These graphs
were generated using the page 49 program3 on the MCR con-
soles. One should not pay too much attention to the optics
downstream of enclosure "C" as the present real beam down-
stream of enclosure "C", does not look much like page 49
predicts. Since the above solution requires so many quad-
rupoles an attempt was made to see if an acceptable alter-
native existed using fewer quadrupoies. Using the page 49
program in the MCR, a solution with only a single hori-
zontal waist in enclosure "C" was found. This weak focus
solution uses four quadrupoles and the beam element posi-
tions are shown as the "400 GeV Superconducting Line" on
figure 8. The field strengths are low enough so that the
same four quadrupoles also work at 1 TeV (See the "1 TeV
Superconducting Line"™ on figure 8 without the optional
quadrupoles). Figures 12-14 show the beam optics for the
weak focus solution. Comparing figures 11 and 14 one sees
that an off momentum ray has a much farther excursion at the
end of enclosure "C" in the weak focus solution than in the
strong focus solution. Experimentally, this means the
regulation of the left bend power supply must be much better
than it presently is, if the weak focus solution is to work.
Possibly it would need to be regulated to .025 percent. At
400 GeV one could test the strong focus solution using only
the four quadrupoles by running the quadrupoles as hard as
they will go. The strong solution given above requires
currents of about 125 amps which are too high, but if one
could run at about 100 amps, one could get an approximate
strong solution. Figures 15-17 show the beam optics for

this case. Note the horizontal envelope is quite wide as
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it leaves enclosure "C", Clearly if one needed the correct
strong focus solution at 400 GeV, one could install eight
gquadrupoles (install the first and third quadrupole in each
group of three). Note that figure 8 shows that the 4 weak
focus solution quadrupoles do not move in going to the 8 or
12 quadrupole solutions. In all of the above solutions page
49 was used to vary quadrupole currents and positions in
order to obtain the smallest beam envelopes consistent with
keeping the excursions of off momentum rays minimized.

Other arrangements of quads as to horizontal and vertical
focussing properties were tried but none were és good. In
the above solutions MQ201 and MQ202 are powered by one power
supp!y and likewise for MQ203 and MQ204. Small improvements
in the beam optics were observed by individually powering
each of these quadrupoles. However, tThe improvement didn't
seem to justify the extra expense of more power supplies.

In all solutions care was taken to see that no quadrupole
was placed underneath the overhead hatch (see figure 1).

Power Supplies

Table 1 |ists the necessary magnetic fields and the
currents in the various magnets for both 400 GeV and 1 TeV.
operation. The currents are obtained from excitation curves4
for the particular magnet used. Note that in some cases the
magnets are close to saturation and are out of the [inear
region.

At 400 GeV, the Lambertsons bend 8.79 mr, and MH201
bends 3.21 mr for a total of 12 mr. They are in series and
run at 1479 amps. Currentily the Lambertsons run about 150
amps lower, so some cabling may need to be upgraded. Since
MH201 is in a nonlinear region at 400 GeV, if one wants to
change the beam energy, one may want to add a shunt to MH201
so one has some independent control. For example, at 200
GeVY one obtains a total 12 mr bend at 723 amps, but the

Lambertsons are bending 8.60 mr instead of 8.79 mr. Be-
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cause of this change, the beam is shifted horizontally about
one quarter inch at MH201. A shunt of about 20 amps would
correct this. Also, if one wants to be able to run at 450
GeV, then the Lambertson cables and power supply must be
good to about 1700 amps.

For 1 TeV, one probably needs to design new Lambert-
sons and H magnets. Using present Lambertsons requires
currents of 2110 amps. The design of these magnets will
be done in the context of upgrading the entire switchyard.

The two EPB dipoles for the vertical! dogleg are run in
series. Independent vertical *rim capability is main-
tained by leaving the present MVT202. MHT202 also remains.

The currents in the superconductors are slightly lower

than the currents in the energy doubler dipoles, and ¥hus

we have a |littie extra protection from quenches.
At 1 TeV, some of the quadrupoles will be running be-
tween 90 to 100 amps. |f this is not feasible, there is

room to simply add more gquadrupoles in series.

Finally, note that the vertical up bend requires 1400
amps for two EPB dipoles at 1 TeV.
Transport

The exact positions of all the magnets are in trans-
port output. Currently the most up to date is labeled run

number 56 for 400 GeV and run number 57 for 1 TeV.
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JABLE 1
POWER SUPPLY CURRENTS
400 GeV 1 TeV N
MAGNET Field ) Current Field Current
kG or kG/in Amps kG or kG/in Amps
Lambertsons _
m;gg;—s 11.82 series 1479
MLAM1=12 ' 10.42 2110 (Using
present
Vertical Dogleg Lambertsons)
MV201 series 3.38 328 8.44 819
MV203 * '
Superconductors
MH202-1,10 :
MH203-1,11} series 15.18 1515 37.96 3791
Weak Focus Solution = 4 Quadrupoles Between Superconducting Strings
MQ201,202 1.56 30 3.89 75
MQ203,204 1.82 35 4.54 90
MQ205 1.56 30 3.89 75
MQ206 0.99 _ 19 2.47 47.5
Approximate Strong Focus Solution
4 Quadrupoles Between Superconductor Strings
MQ201,202 4,88 100
MQ203,204 4.88 100 Will not Work
MQ205 0.88 17 at 1 TeV
MQ206 0.88 17
Strong Focus
12 Quadrupoles
MQ201,202 ‘ 1.87 36 4,67 93
MQR203,204 1.94 : 37.3 4.84 98
MQ205 0.93 18 2.34 - 45
MQ206 1.04 20 2.60 50
Vertical Up Bend
MV204-1,4 10.70 1038
(Rotated X
MV204-1 In Series |
Superconductor) 37.96 with OTher-P3791
Supercon-
ductors
MV204-2,3 13.64 1400
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Figure Captions

Beam Elements in Meson Left Bend.

400 GeV Meson/Neutrino Split with Superconducting
Left Bend.

1 TeV Meson/Neutrino Split.
Two Strings of Superconducting Dipoles.

Beam Elements Position Relative to Wall at Down-
stream End of First String of Superconductors.

Beam Elements Position Relative to Wall at Down-
stream End of First String of Superconductors.

Beam Elements in Downstream End of Enclosure "C".
Beam Elements in Region Between Two Superconducting
Strings. H and V Refer to Horizontal and Vertical Focus-

sing Quadrupoles Respectively.

Hor izontal Beam Envelope for Strong Focus Solu-
tion Using Twelve Quadrupoles.

Vertical Beam Envelope for Strong Focus Solution
Using Twelve Quadrupoles.

Horizontal Path of off Momentum Particle for Strong
Focus Solution Using Twelve Quadrupoles.

Horizonta! Beam Envelope for Weak Focus Solution
Using Four Quadrupoles.

Vertical! Beam Envelope for Weak Focus Solution
Using Four Quadrupoles.

Horizontal Path of Off Momentum Particle for Weak
Focus Solution Using Four Quadrupoles.

Horizontal Beam Envelope for Approximate Strong
Focus Solution Using Four Quadrupoles.

Vertical Beam Envelope for Approximate Strong Focus
Solution Using Four Quadrupoles.

Horizontal! Path of Off Momentum Particle for Ap-
proximate Strong Focus Solution Using Four Quadrupoles.
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