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ABSTRACT

The 4-fold symmetric lattice for the National Spallation Neutron Source(NSNS) replacing
original 3-fold symmetric lattice' is presented. There are several reasons for new lattice. The
lattice is to accommodate realistic beam scraper in the ring, to avoid dangerous structural .
resonances, and ease of tuning and of installing correction elements.

THE LATTICE

The storage ring consists of four 90° arc and long straight sections, schematically shown in the
fig. 1. Four FODO cells with a /2  phase advance makes the arc section. Each half cell consists
of a quadrupole, a .45m space, a 1.5m long dipole, a 1.55m space, and a quadrupole. The total
length of the arc half cell is 4 meters. Four full cells of 7t/2 phase advance insures the zero
dispersion in either side of the arc. Two FODO cell without a dipoles form each long straight
section. The cell lengths for the straights are kept same with the 3-fold symmetric' case so that
the injection and ejection could be kept similar. The half cell length for straights are 5.293
meters. The phase advance in the straights are adjusted to make the tune of the ring to be 5.82
horizontal and 5.8 horizontal. The lattice functions for one super period is shown in fig.2. The
relevant ring parameters are given below in table I. A program SYNCH output is attached in
appendix A.

TableI NSNS Accumulator Ring Parameter

Kinetic Energy 1.0 GeV
Magnetic Rigidity 5.658 T-m
Circumference 220.688 m
Periodicity 4

Structure 24 FODO
Bax XY 19.2/19.2 m
XPrmax/min 4.1/0. m
vX/Y 4.82/4.82
Y1 4.933

D' -6.5/-7.3
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The primary assignment for the long straights are, injection, ejection, rf cavities, and last one for
the beam scraping collimators. Any half cells not being used for the primary functions shall be
used for other functions such as tune meter kicker, transverse damping system in case needed.

The 1.55m space between a quadrupole and a dipole consists of beam position monitor(pickup
electrode), correction dipole and skew quadrupole combination, higher order correctors, and a
vacuum pumping port.

TUNABILITY AND CHROMATIC BEHAVIOR

Under certain circumstances, it is desirable for accumulator ring to run different set of a betatron
tune. The table II shows the behavior of the beta function for betatron tune change of 0.5 units.

Table II tunability and chromatic behavior

AP /P Avx AVy Bx,max ﬁy,max Xpmax/min AF Q AD Q
V)

m @ % o %
0.0 0.0 0.0 19.2 19.2 4.1/0. 0.0 0.0
0.0 -0.5 0.0 219 17.8 4.1/0. -18.1 -4.3
0.0 0.0 -0.5 17.8 219 4.1/0. -4.3 -18.1
0.0 -0.5 -0.5 20.1 20.1 4.1/0. -248 2438

0.5% -0.03 -0.04 19.9 193 4.16/-0.1
1.0% -0.06 -0.07 20.5 19.5  4.23/-0.2

As can be seen in the table, half a unit change in the betatron tune results less than 5% change in
betafunction while keeping the dispersion same. Because of none linear chromatic behavior, one
expects slight change in betatron functions when lattice is looked at the view of off momentum
particles. Even at 1% off momentum, which is maximum ever expected, the betatron function
and the dispersion function behave reasonable at expected level.

STRUCTURE RESONANCES

The lattice has structure resonances at betatron tune of integer 5 and 6 which is expected from 4
fold symmetry. However, there is no structure resonances in fractional tune between 5 and 6
where as 3 fold symmetric lattice with tune of 3.8 has two 3™ order and 4% order structure
resonances between tune of 3 and 4. Especially four of 4* order resonances are right on top of the
working point. Although the resonances may not hurt the ring performances, we should not take
chances with the performances of the lattice.



ACCUMULATOR RING MAGNETS
The list of proposed magnetic elements required for the accumulator ring is listed in the table III.

Table III NSNS Ring Magnet Parameters

Dipole 20 Cm Quad 30 Cm Quad

Length*/Number 1.5 m/32 S m/16 S m/4
47 m/12 336m/4
394m/8
317m/12

Field 7406 T 4.124 T/m 4.124 T/m

Aperture(Vert.) 17Cm 20 Cm Dia. 30 Cm Dia.

(Hor. Good Field) 23 Cm
Vacc. Ch. Th. 1.5Cm 0.5Cm 0.5Cm

Therm. Ins. Th. 0.5Cm 0.5 Cm 0.5Cm

*The lengths are in magnetic length.

Since the ring is DC, one need not to worry about transients or eddy current effects. Four
different length in quadrupoles are chosen such that all the quadrupoles can be powered with
single power supply and requires small trim supplies to supplement additional fine tuning. The
poles of the quadrupoles with different length to be carefully shaped to eliminate multipole
errors. Especially for 30 Cm quadrupole, where the length and pole diameter are comparable to
each other, requires special attention.
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