¢ Brookhaven

National Laboratory
BNL-104561-2014-TECH
AGS/AD/Tech Note No. 132;BNL-104561-2014-IR

AN IMPROVED F10 SWITCHYARD DESIGN

H. Weisberg

April 1977

Collider Accelerator Department
Brookhaven National Laboratory

U.S. Department of Energy
USDOE Office of Science (SC)

Notice: This technical note has been authored by employees of Brookhaven Science Associates, LLC under
Contract No.EY-76-C-02-0016 with the U.S. Department of Energy. The publisher by accepting the technical note
for publication acknowledges that the United States Government retains a non-exclusive, paid-up, irrevocable,

world-wide license to publish or reproduce the published form of this technical note, or allow others to do so, for
United States Government purposes.



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, nor any of their contractors,
subcontractors, or their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or any
third party’s use or the results of such use of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service
by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or subcontractors.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



Accelerator Department
BROOKHAVEN NATIONAL LABORATORY
Associated Universities, Inc.
Upton, N,Y, 11973

AGS DIVISION TECHNICAL NOTE
No. 132

AN IMPROVED F10 SWITCHYARD DESIGN

H. Weisberg
April 21, 1977

In a recent note1 discussing options for improving the slow extracted
beam, a design is given for a high efficiency switchyard to deliver beam
from F10 to the existing A, B and C lines and to a new D line. Despite
space limitations, this design is practical to build, and i? should give
excellent performance. Further study,2 however, has led to an improved
design based on Lambertson (steel septum) magnets. This improved design

is more cost effective and less tightly constrained than that of Ref. 1.

A plan view of the improved switchyard is given in Fig. 1 and the
component parameters are given in Table 1., The beam optics and the sys-
tematic procedure for adjusting the quadrupoles to get the desired beam
sizes are the same as in the previous design. The beam splitting and
switching uses bofh the horizontal and the vertical planes,éas shown in

expanded views in Fig., 2.

The initial split is in the horizontal plane, and is made by elec-

trostatic splitters E These make a four-way split as shown in Fig. 2a.

Next come Lambertson iagnets L1-2’ which bend in the vertical plane, Fig-
ure 3 is a view of the upstream end of Ll, showing the four horizontally
split beam components at the entrance of Ll' This magnet bends the B and
C beams up, as shown in Fig. 2b. Magnet L2 is similar but oriented with
its field on the opposite side; it bends D down. The striped parts of the
beam components in Fig. 3 indicate the effect of beam divergence. The
clear separation between shadows is 0.15 inches and the sepﬁum thickness

at the top and bottom of the beamsgpots is 0.06 inches;ithe separation

is therefore greater than the septum thickness by a factor of 2.5, compared
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to a typical value of 1.5 in the previous design.,

. The beams are next separated horizontally by Lambertson magnets L3_7.

A view of the upstream end of L, is given in Fig. 4, which also shows the

3
separated beam spots at this point. This magnet is essentially a conven-
tional dipole magnet with a hole drilled in its upper pole piece. Magnets
L3 and L4 bend D and A to the left, while B and G pass undeflécted in the

hole in the ﬁpper pole piece.: Magnets L5_7»are similar but bend D-.only.

The beam vacuum pipes for the Lambertson magnets are not shown in
Figs. 3 and 4, but they are arranged &n one of several possible ways to

put the coils outside the vacuum.

Following the Lambertson magnet section, the D beam~is made level
by»pitéhingﬁmagnéE\Pi}uthenaitfentersnlowwpoweredgmagngtﬁﬂﬂlik3Whithigh
bend sevenndégrees each. The A beam is brought onto its existing line
by Cl-S' The B and C beams are bent both horizontally and ve&tically by

P2-3 6-9

and C to put them on the original B line; thick coppef septum
magnet S1 then bends C onto the original C line. '

. Splitting ratios are changed by remote horizontal motion of E d

1-3 &%

L and current variation in C The beam steering through the thick

1-2 6-9°

septum Lambertson magnets L3_7 does not need to change with splitting

ratio.
The main advantages of the improved design over that of Ref. 1 are:
1. The septum clearanees are greater.

2. The Lambertson magnets are less expensive than copper

septum magnets, and they consume less power.

3. The electrostatic splitters are located together, which
is ddvantageous from the point of view of vacuum and

shielding.

4. Any beam, including the C beam, can be turned off for

access while the other beams are on.
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Table 1

Switchyard Components and Parameters

Combined horizontal and vertieal

vernier magnet

Secondary emission chamber
3H36

3Q52

3Q36

SWIC profile monitor

Electrostatic splitter, 07002
in wire septum

Thin-septum Lambertson magnet
(see Fig. 3)

Thick-septum Lambertson magnet
(8ee Fig. 4)

3H18 bending vertically
3836 bending vertically
6H288
5¢90

0.33" copper septum magnet

Accel, Dept. S&P

Length

1

130"

10

ft .
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5 kG
(each; plane)

<16 kG |

Aperture, HXV

132 |

3 X3 in

435 %V /en/ . 1+028.X 1.5 in

2.5 kG
13 kG

<16 kG
<16 kG
16 16
13 kG

2.8 kG

6 X 1.5 in
5 %X 1.5 in

3 X 1.25 in
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FIG. L - 'Improvéd’ F10- switchyard layout
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Fig. 2 - (a) Horizontal and (b) vertieal beam trajectories




AGS Tech MNote No. 132

T
[

|

— e

Sl

Fig. 3 - Upstream view of Lambertson magnet L., showing the four
horizontally split beam components. "The striped areas of
‘the beam components indicate the effect of beam divergence
on the septum shadows., This magnet bends the B and C beams

up.
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" Fig. 4 - Upstream view of Lambertson magnet L,, showing the four

beam components that enter it., This magnet bends the
D and A beams to the left,
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