15T RECIRCULATING LINAC
--Two 200-m Linacs

--Passive beam spreader

--Multiple arcs

CONSTRAINTS:

€rms (normalized) = 3200 © mm-mrad

Central
Momentum dp/p Momentum Spread

(GeV) (30) (GeV)

2 12% 1.760-2.240
4 7.9% 3.685-4.315
6 6.5% 5.610-6.590
8 58% 7.535-8.465

10 3.4% 9.460-10.54
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GENERAL DESIGN CONSIDERATIONS

(stream of conciousness)

1. Large transverse beam size

@4 GeV, 3c=9cmforf=10m
need continuous quadrupole fields combined function
for a round beam, minimal betas > 90 deg cells--lowest

energy arc
2. Large momentum spreads
strong sextupoles, 90 deg cells--lowest
2™ order achromat —> energy arc

3. Dispersion suppression/matching between linacs and arcs

forget it far off-momentum orbits do not close
automatic dispersion suppression/ integer phase
beta-function matching into linac phase advance

across arcs*
*implies symmetry point at exit of beam spreader

4. Large off-momentum beta matching arc/linac
preserve arc focal

length through linac



BEAM SPREADER
The beam spreader is so difficult and constraining it dictates the

entire lattice of the RLA.

1. To minimize (ha-ha) apertures in the spreader, a single energy
is split off at a time into its separate channel:

D F D F D F D F

4 GeV 6 GeV 10 GeV

2. The “unseparated” channel must contain the remaining spread
in momenta: 6-10 GeV, then 8-10 GeV. The large momentum
spreads in each channel result in large apertures in order to
contain the remaining combined channels as the distance
required to accomplish the split is achieved.

3. The large apertures and required focussing gradients conspire to
drive the some of the beam spreader magnets superconducting.

3. The separate channels are defined to be when the highest
energy in the channel to be split is .4 m from the lowest energy
in the next channel. To achieve this separation, given the table
of momentum spreads, results in magnet lengths 1.5-2 m for the
above spreader. To keep the beta functions in the arc matched
to the spreader, the arc combined function magnets are the same
length and gradient as the spreader. (Gradients in separated
spreader channels are varied slightly to achieve symmetry
points at the start of the arc.)



1.

THE NMUTTIPLE ARCS

To generate an integer spread across the separate channels with
no matching, requires the gradient to go as 1/p and the arc
energies to follow a sequence: 4, 6, 8 with 2 GeV/turn for 90
degree phase advance @4 GeV and 24 cells. Then the injection
energy must be 3 GeV, for 2 GeV would be unstable. The last
arc at 10 GeV has to be gently tuned to an integer (over 20
cells)* .

1 GeV | 7~
A Ge//

5 Gey
Y

(6 GeV S LoV 1 GeVY ﬂf:[d! 3GQV

*The 5,7,9 arc also has to be slightly adjusted in overall
gradient.

2. In order to keep the arcs from ending up in the buffalo pasture,

they are nested with equal arc lengths. This is particularly
important for superconducting arcs where interleaving would
require incredible spacings per arc.

The beam spreader sets up an unavoidable, but periodic
dispersion wave throughout the arc. Sextupoles are
introduced once the channels are separate to flaiten the
momentum compaction over the momentum spread.



THE 4-GIEV SPLITTER

10.54 Ge
32¢cm 55cm
10.34 GeV
14 cm i .
B=1.1T K cm B=11T R'=33T/m B=0T R'=
B'=-3.2T/m 8cm
19 cm
3.685 va
38 cm 55cm
2m /
“D” 3.685 GeV
2 m
(‘F”
' 2 m
‘ “D”

Vertical Aperture: 13 cm
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37cm
B=.65T, B’=3.5 T/m

xn- 65T, n'-_a\_;n“

10.5 GeV
A
105 cm
~5m
7.5 GeV 2
6.4 GeV ~4m

X

44 cm
4 Gel

=17T, B'=2.9T/m

h 4

20 cm

2 m
\‘F!/

Vertical Aperture: 13 cm
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52 cm
4 GeV

Y

B=43T,B’=3.1T

2 m
\\D//
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ARC MAGNETS

CRYOSTAT

[/ /

52cm
10 GeV
Vg
X
Aperture: 13 cm
" 8 GeV
B = .3T *p/4 i
B'~ 3.6 T/m | I///
36cm
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R&D

Everything:

Magnet désign: conventional appears ok, but
superconducting spectrometers with meter horizontal
apertures?

Extensive tuning—yparticularly sextupoles for off-
momentum matching

Tracking with kinematical effects and fringe fields
(COSY)

Polarization survival?

Dynamic aperture and error analysis






