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Study-Il Challenge: Storage Ring Footprint

Elevaton .~ For Study-ll it is important to
: find a solution that gives a

very compact arc.*

» For given straight section decay ratio a
shorter arc reduces the site footprint.

» For given straight section length a shorter
arc increases v production efficiency.

R|ng I_ayo ut *Here arc definition includes all regions with dipoles.
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How small can we go-?



Storage Ring Footprint: Ring Scaling Part 1
First consider energy scaling from 50 to 20 GeV

Overly naive scaling gives:
C™ Cc=700m 1753 m x (2/5) = 700 m

 The magnet ends do not follow above scaling.

e 250% larger emittance at 20 GeV drives larger
magnet apertures (longer ends, weaker fields).

e So want to have shorter cell lengths to reduce
arc beta and dispersion maxima.

_ More involved scaling yields
C——c=840m 55 50y circumference > 840 m.

= C=530m  vyet our design has 530 m.
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Storage Ring Footprint: Ring Scaling Part 2

But in practice we see that most of the reduction
comes from having fewer cells. We expect to have
only a small reduction in cell length (example 15%).

Study-I Cell: separated function, 90° phase advance and 9.8 m length.
Max. beta = 16 m & Max. Dispersion = 1.1 m (50 Gev, 173 mr/cell)
Q, SX /DS Q, SX /S BS

7 7 7 7
m P amBz6T M m P M o m ez 2™

1'st Try: separated function, 90° phase advance and 8.4 m length.
Max. beta = 14 m & Max. Dispersion = 2.2 m (20 Gev, 393 mr/cell)

Q SX——1 ) 00 N1 SN B

0.75m 0.75m 0.75m 0.75m
0825m 1875m,B=7T 0.825m 1875m,B=7T

2'nd Try: separated function, 90° phase advance and 8.4 m length.
Max. beta = 14 m & Max. Dispersion = 2.2 m (20 Gev, 393 mr/cell)

S 8 S

0.75m 0.75m 0.75m 0.75m
0.52m 218 m,B=6T 0.52m 218 m,B=6T
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Storage Ring Footprint: Ring Scaling Part 3

Significant compaction can come from eliminating some
magnet interconnects and adding dipole plus quadrupole

fields (combined function lattice).

Study-l Separated Function Cell: 9.8 m length.

Q, SX B Q, SX B

0.75m 0.75m 0.75m 0.75m
1m 24 m 1m 24 m
Combined Function Cell: 6.4 m length. |
Note: Magnet interconnect
distance relaxed so as to
4 DX } 1m K DrRSX J 1 m take up same relative fraction
29m 22m as for Study-I cell.

« Combined function avoids bending dilution in quadrupoles.
* Permits more space for interconnect without great penalty.

 Works with either upright or skew-quadrupole focusing.
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Some Combined Function Magnets
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Original Storage Ring Dipole Concept

We anticipated that decay electrons
either passed completely through
the magnet or at worst hit and
showered in warm material.
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But a separated function cell with
a warm guadrupole uses up space.
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Storage Ring Footprint: Ring Scaling Part 4

Most compact configuration has dipole field throughout
cell and no space lost to coil ends or interconnects.

Study-I Separated Function Cell: 9.8 m length.

Q, SX DS Q, SX DS

0.75 m 0.75m 0.75m _0.75m
1m 2.4 m 1m Z.ﬁl m

—

Compact Combined Function Cell: 5.3 m length.
D 008X 7/6/ /i’b,’\Q’,‘é\x Z 9/%/ -

4 X X X X X X X X

1.55m 1.1 m 1.55m 1.1 m

Transition from high to low
. . . . field takes place at coil ends.
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Coil Schematic
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Combined Function Skew Quadrupole Cell Principle

Plan View Section A-A

o e g R
/ \ o . No skew

Full coil overlap Single coil for half field,
gives the full field, B =3.5T, but G=20T/m
B=7T, but G=0 _
\ > A /-»B Section B-B
T B=35T
= 5 ) sy A4 G=20T/m
: | B ® | Skew Quad
A -» B _ —
Elevation View Net result is to use space which is

normally wasted between coil ends.

* Flat coils are longitudinally staggered in a warm iron yoke.
 Coil ends are spread longitudinally to adjust integral harmonics.
 Coils bend in the horizontal plane to follow circulating beam.
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Skew Focusing Lattice Concept
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Independent betatron motion
(profile does not tumble).

Note beam sizes are drawn for areas
where dispersion is almost zero, near
the beginning and end of the arc.

Round beam at dipole center.
Tilted ellipse where focused.
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Skew Quadrupole Lattice Design Principles

Skew Quadrupole Lattice # Fully Coupled Lattice

The lattices presented here are uncoupled. They
are special only In that the betatron eigenplanes
(denoted A,B) line up with +45° rather than the
horizontal (X) and vertical (Y) axes.

Useful Trick:

Every dipole with bend radius, p, has
a weak normal focusing component,
k = -1/(2p2) added in order to make
the focusing cylindrically symmetric.
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What is the lattice like?



Ring Layout & Arc Magnet Parameters

Arc Magnet Parameters: B7;=6.986T, G=0 T/m, L;=1.10m
B,=3493T,G=20.0T/m, L,=155m

Average B=4.943 T, Loy =9.3M

—» <= 16.86 m _ _ .

- Straight Section=4 x Arc =211.892m ——»

. Arc = 52.973 m for
E Reff =16.86 m ; .
n 245.6 m total length »

_ 211.892 m . .

Decay Ratio = = 0.4 per straight section

529.730 m

File set: mu_mf09b, 29-Jan-01, B. Parker



Storage Ring Lattice Modules and Their Functions

Production straight is 4 times longer than arc for a 0.4
decay length ratio. Average beta of 91 m adds 1% to the
v-beam divergence. Will introduce normal quadrupoles
for coupling control. Also use long drift regions for RF?

v

Arcs have 10 cells )
Beta peak = 8.8 m ' T |

Phase/cell = 60°

Cells w/o bending near ends Second straight has natural beta
for dispersion suppression about double that in arcs but cells are
Skew-sextupoles are used in 6 adjusted to make a phase trombone
central cells for chromaticity yielding 1 unit phase difference
correction between A and B eigenplanes. Ring

tune adjustment is done here. Also
can introduce injection elements here.
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