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Following are some notes pertaining to the placement of correction
elements in the SNS Ring.

1 SNS Lattice and Correction Elements

The SNS ring lattice [1-4] consists of four superperiods, each containing a
90° arc and a long straight section. The four superperiods are labeled A,
B, C, D and run sequentially along the beam direction from the beginning
of one arc to the next. The order of magnets in each superperiod X is
DHX1, QVX1, DHX2, QHX?2, ..., DHX8, QHX8, QVX9, QHX10,
QVX11, QHX12, where D and Q denote dipoles and quadrupoles, and H
and V refer to the horizontal and vertical planes. The long straight section
in each superperiod runs from QHX8 through QHX12.

To compensate for the small unavoidable field imperfections and magnet
alignment errors that can lead to resonance excitation, the ring will have a
set of correction elements consisting of horizontal and vertical dipoles, skew
quadrupoles, sextupoles, skew sextupoles and octupoles. Trim windings on
the lattice quadrupoles will allow for any necessary quadrupole corrections.
Correction dipoles and skew quadrupoles will be mounted downstream of
the position monitor at each quadrupole with the dipole and skew
quadrupole windings wound on the same core. We shall use QSX1, QSX2,
..., Q5X11, QSX12 to label the skew quadrupoles downstream of
quadrupoles QVX1, QHX2, ..., QVX11, QHX12 respectively. Sextupoles
called SHX8 and SVX9 will be placed downstream of quadrupoles QHXS8
and QVX9 in each superperiod; similarly, skew sextupoles (SSVX11 and
SSHX12) will be placed downstream of QVX11 and QHX12.



2 Resonance Excitation

Transverse resonances [5] are defined by the equation
mQz +nQy =N (1)

where (), and @, are the horizontal and vertical tunes, and m, n, and N
are integers. If m and n have opposite signs, the resonance is called a
difference resonance; otherwise it is called a sum resonance. The order, I,
of the resonance is

L= m| + [n. (2)

The resonance condition (1) arises from the first-order perturbation
treatment of the vector potential terms z!™ly"l associated with the 2[-pole
magnetic field. Resonance excitation occurs when the tunes are sufficiently
close to the resonance and the excitation coefficient,

2nr .
k= [ Bmrgp IR (s)evs, (3)
is nonzero. Here

¥(s) = m(pz — Qu6) + sy — Q,8) + NO, 8= s/n, (4)

s ds s ds e (0-VB
pz(8) = o m, py(s) = o m, K(s) = P (W) »  (5)
and B = B, (B;) if n is even (odd). Since
P(s) = mu, + np, ~ N9, (6)

when the tunes are near the resonance, we see that the excitation
coefficient is essentially the Nth harmonic, in azimuth 6, of the 2I-pole
strength K (s). Thus if the tunes are sufficiently close to the resonance and
if n is even (odd), then the resonance will be excited by the Nth harmonic
of the normal (skew) 2l-pole fields present in the machine.

3 Resonance Correction

For the correction of the m@, + nQ, = N resonance we require

Ko+ k=0 (7



where £ is the excitation coeflicient due to imperfections in the machine,
and « is that produced by the resonance correction scheme. Note that the
excitation coefficient is in general complex, so correction of a given
resonance requires cancellation of both the real and imaginary parts of «,.
For a set of identical thin correction elements we have

n= K3 L6758y e, (8)
J

where K is the integrated strength per unit current of each correction
element, I; is the current in the jth element, and

Baj = Bz(85)s  Byi = By(si)y %5 = 9¥(s5) (9)

4 Corrector Phases

Effective correction of a given resonance requires careful consideration of
the betatron phase advances between correctors. Suppose we have two
identical correctors located at s; and s, in a ring consisting of M
superperiods. Then for each corrector we have

Vi = m(pzi — Qub:) + n(pyi — Qyb:) + N6; (10)
or
Vi = mpgi + npyi + (N — mQz — nQy)0; (11)
where
P = P(8i)y i = Ba(5i), Hyi = l‘y(si)’ 6; = si/r. (12)
Thus

Yo — P = m(l‘ﬂ - ll'zl) + n(l-‘y2 - l‘yl) + (N —mQ; - nQy)(02 —61). (13)

Now, if s; and s, are separated by k superperiods, then

Hz2 — Pzl = 27er‘k/M = Q:c(aZ - 01) (14)
Hy2 = g1 = 27Quk /M = Qy(62 — 61) (15)

and (13) becomes
Y2 — 1 = N(02 — 61) = 2wkN/M. (16)



Here we see that v, — 9; is independent of p,, g, and the machine tunes;
it depends only on the azimuthal separation 6, — 6;. Thus, by taking
advantage of the superperiod symmetry we can produce azimuthal
harmonics that are independent of the machine tunes. Moreover, we can
use the symmetry to restrict which harmonics are produced. The simplest
example of this is the placement of two correctors such that §, — §; = 7 in
a ring with an even number of superperiods; if the correctors are excited
with equal currents of the same (opposite) polarity then only even (odd)
harmonics are produced. If we add more correctors, we can further restrict
the harmonics. For example, if the number of superperiods is divisible by 4
(as it is for the SNS ring), then 4 equally spaced correctors separated by
7/2 in azimuth and excited with equal currents of the same polarity will
produce only harmonics 0, 4, 8, 12, and so on. If this same set is excited
with equal currents of alternating polarities, then it will produce only
harmonics 2, 6, 10, 14, and so on. In general, the more superperiods one
has in a lattice, the more one can restrict the harmonics by adding
correctors; in this way one can create a relatively pure harmonic for the
desired resonance correction.

From (16) we also see that if 2rkN/M is an odd multiple of 7/2, then the
two correctors will provide orthogonal control of the real and imaginary
parts of the resonance excitation coefficient; this will again be independent
of the machine tunes. In the SNS ring we have M = 4 and correctors
placed one superperiod apart will therefore provide orthogonal control of
any resonance for which N is odd.

The lattice may have other symmetries or approximate symmetries that
one can exploit. In a FODO lattice with a betatron phase advance of
approximately 7 /2 per cell, the phase advance between two correctors
placed [ cells apart is approximately l7/2:

Ba2 — Pz1 = 1m[2,  pyp — py = Im/2. (17)
Then (13) becomes
P2 — Y = m(In/2) + n(lx /2) + (N — mQ, — nQ,)(82 — 61), (18)
and for N — mQ, — nQ, = 0 we have
P2 — Py = m(Ix /2) + n(ln/2). (19)
Here we get a phase difference that is some multiple of /2 provided the

tunes satisfy (or nearly satisfy) the resonance condition. If the phase
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difference is an even (odd) multiple of x, then the two correctors will affect
the resonance only if I, # —I; (I # I,). If the phase difference is an odd
multiple of /2, then the two correctors will again provide orthogonal
control of the real and imaginary parts of the resonance excitation
coefficient.

5 Beta Function Considerations

Effective correction of a given resonance also requires that the correctors
be placed as close as possible to locations where the beta function is large.
This follows directly from (8) which shows that the correction due to the
jth element in a correction scheme is proportional to ,BL'J"/ 2|ﬂ£~/ 2,
Simultaneous correction of two resonances excited by the same magnetic
multipole generally requires one set of correction elements placed where 8,
is large and another set placed where 8y, is large. This is the case for the
2Q; = N and 2@, = N resonances, the 3Q, = N and @, +2Q, =N
resonances, and the 3¢, = N and @, + 2Q; = N resonances.
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