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Abstract

This report describes the design of the Accumulator Ring for the National Spallation Neutron
Source.

Choice of the Periodicity

The Accumulator Ring has a threefold periodicity. Each period has a mirror symmetry. Each
period is made of an arc and a long straight section. The threefold periodicity has been chosen to
accommodate the following three main functions: injection from the Linac, extraction to the Tar-
get, and beam compression by the RF system. Moreover the triangular shape allows a natural ori-
entation of the Ring with respect to the Linac and the Target area as shown in Figure 1. The
distribution of the functions are shown in Figure 2. Included are also the location of beam scrapers
and collimators to remove unwanted beam halo, both in the betatron and in the momentum phase
Space. Betatron scraping requires a space in the Accumulator lattice with no dispersion. We have
required thus that the long straight sections, where injection, extraction and beam compression
occur are dispersionless. Betatron scraping can then be accomplished at both ends of the long
straight sections. Momentum scraping on the other end requires a region with large dispersion
which can be made to appear naturally in the middle of the arcs. The layout of half of a period of
the Accumulator Ring is given in Figure 3, and a list of general parameters in Table 1.

Choice of the Ring Circumference

The circumference of the Ring has been chosen so that the frequency f} of the RFQ which shapes
the beam in front of the Linac, is exactly a multiple of the revolution frequency fy, that is

fL = nL fo (1)

Moreover, to avoid beam losses during the capture of the beam at injection and compression, the
beam is chopped by a ratio q. We required also that an integral number of Linac bunches are
injected into the Ring at all time, to allow an exact overposition of the beam turn-after-turn. Not
only this simplifies the conceptual design of the Ring and of the injection process, but also pro-
vides some useful RF triggering signals which can be used for the reliable operation of the Ring.

* Work performed under the auspices of the U.S. Department of Energy
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Figure 2. The Accumulator Ring



The second condition is
qu = Ilq fO (2)
so that qnj = ng. We have chosen q = 0.65, n;_ =320, and ng = 208. The last is the number of

Linac bunches injected in the Ring in one turn. Since fy, =402.5 MHz, we derive for the revolu-
tion frequency fy = 1.258 MHz; that is, for a 1.0 GeV beam, a circumference 2nR = 208.558 m.

Table 1: NSNS Accumulator Ring

Kinetic Energy 1.0 GeV
Magnetic Rigidity 5.657Tm
Circumference 208.558 m
Periodicity 3 w/ mirror symmetry
Structure 18 FODO Cells
Bimax 24.0 m
Nmax 7.95m
Betatron Tunes, H/'V 3.82/3.78
Transition Energy, vy 3.422
Natural Chromaticity, H/V -0.928 /7 -0.958

Choice of the Lattice

To guarantee the stability of the motion, we have chosen a sequence of FODO cells covering
entirely the circumference of the Ring. The total number of FODO cells is 18, with an arc made of
4 cells and a long straight section of 2 cells. The phase advance per cell is about 90° in the hori-
zontal plane, which allows to adjust the dispersion to the desired values in the two regions: zero in
the insertion and large in the middle of the arc. The exact dispersion matching is eventually pro-
vided by placing properly the dipole magnet at different distance from the quadrupoles at the two
sides. The layout of an empty FODO cell in the insertion is shown in Figure 4a, whereas Figure 4b
shows a FODO cells with bending magnets. To accommodate enough space for the insertion of
the beam scrapers at both sides of the central quadrupole, there is a mirror symmetry of the dipole
magnet distribution around the middle of the arc, as shown in Figure 4c.

Choice of the Betatron Tunes

With a phase advance of about 90° per cell, the natural choice of the betatron tune, for a ring with
18 FODO cells, is around 4. We have chosen more precisely vy =3.82 and vy = 3.78, which are



just under integral values. These values correspond to no space-charge effects. With space-charge
effects included, a tune depression as large as 0.2 is to be added to both planes, which shifts the
two operation tunes to around 3.6. The shift will not cause crossing of any major first or second
order resonance. Systematic low-order resonances are also avoided as displayed in the tune-dia-
gram of Figure 5. Other resulting parameters, like transition energy and natural chromaticity are
given in Table 1.

The Lattice Functions

The lattice functions, By, By, and dispersion 1 are plotted in Figure 3. The behavior of the disper-
sion is as expected according to the requirements. The vertical amplitude function By, has a peri-
odicity which follows exactly that of the 18 FODO cells. On the other end, the horizontal
amplitude function By exhibits a gross mismatch and a periodicity of only 3. The mismatch is
caused by the fewer number of dipole magnets (24), and thus by the large focussing effect in the
horizontal plane due to the sharp curvature. To avoid excessive mismatch which could appear also
in the vertical plane, we have assumed sector magnets with zero entrance and exit angles. The
specification for the dipole magnets are summarized in Table 2, and those of the quadrupole mag-
nets in Table 3. A complete output of SYNCH is attached to the end of the paper.

Table 2: Dipole Magnets (B)

Total Number 24
Type frame, sector, curved
Length, m : 1.5m
Bending Field 9.874 kG
Bending Angle 15°
Bending Radius 5.730 m
Gap Dimension 19.5 cm
Pole Width 50 cm
Sagitta 19.523 cm

Space Charge Effects
The space-charge tune-depression is calculated according to the formula
Av = Nr,/2p*¥'Be 3)

where rp = 1.535 x 1078 m is the classical proton radius. For an average power of 2 MW at the
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repetition rate of 60 Hz, the total number of protons is N = 2.084 x 104, With a bunching factor
B = 0.324, at the kinetic energy of 1.0 GeV, a tune depression Av = 0.2 is obtained with a full
beam emittance of 116.4 ® mm mrad.

At the same time the beam full momentum spread at the end of the rf capture is Ap/p =+ 0.87%.
This corresponds to a single total bunch area of 10 eV-s and a peak rf voltage of 30 kV. Such beam
longitudinal dimension is also required for the stability versus resistive-wall type of coherent lon-
gitudinal oscillations. There is a beam clear gap of 280 nanosecond for the fast extraction kicker
rise time.

Table 3: Quadrupole Magnets (QF, QD)

Total Number: QF small 12
QF large 6

QD 18

Length 0.50 m
Gradient: QF 0.209 kG /cm
QD 0.237kG/cm

Internal Diameter: QF small 24 cm
QF large 36 cm

Qb 24 cm

Magnet Aperture Requirement

The size of the vacuum chamber should be such to allow a betatron acceptance which is 4 times
the full betatron emittance, that is Ay y = 470 © mm mrad. Similarly, in the horizontal plane,
space should be allowed for a momentum aperture which is twice the beam full momentum
spread, that is Ap/p =+ 1.74%. The total aperture envelope, obtained by taking the quadratic com-
bination of the betatron and the momentum aperture is plotted in Figure 6 along one-half of a
superperiod. Taking into account a total of 3.5 cm for the vacuum chamber thickness, it is seen
that the gap of the bending magnets is 19.5 cm. The bore diameter of all quadrupole magnets is 24
cm, except those in the middle of the arcs and in the middle of the insertions which have an inter-
nal diameter of 36 cm.



0.5m

5293 m 5.293m

QF

Figure 4a.  Structure of an Empty FODO Cell
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Figure 4¢. The FODO cell in the middle of the Arc
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Figure 5. The Betatron-Tune Diagram
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