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ABSTRACT: It is possible, using impulse approximations,
to estimate quickly the effects of magnet
misalignments in accelerators where magnet
edge effects are important such as spiral
sector and small radial sector designs.

The results of this simple calculation

agree with a more precise calculation for
the parameters of the Michigan Radial Sector
betatron. The method is also used to esti-
mate misalignment effects in a 15 Bev spiral

sector design.

* Supported by Contract AEC #AT(11-1)-384
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In small radial sector accelerators, such as the Michigan
Model, or in any separated spiral sector accelerator the amplitude
of the closed equilibrium orbit may be estimated using simple
impulse methods including the effects of edges. Assuming the wave-
length of betatron oscillation is long compared to the azimuthal
extent of the bump (here assumed to be one magnet), the new closed
orbit will be a curve which resembles a betatron oscillation
(about the unperturbed equilibrium orbit) closing on itself at

the bump with an angle

L]

Determination of 48

We may find A€ for the effect of a radially displaced

sector on radial oscillations as follows. In the unperturbed

machine the orbit is S with radius of curvature F in an average

field H subtending an angle 8 . in the perturbed machine the

same notation with primesis used. Consider a scaling sector

moved radially inward.
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This expression is independent of magnet spiraling and
of scalloping of the equilibrium orbit; i.e., as long as the
sector scales, there are no explicit edge effects. The term
+ 1 in the bracket is due to the extra arc length in the magnet
and is important in machines with model-like parameters.

The effect of a vertical magnet displacement on the verti-
cal oscillations may be found by adding three contributions to
A & ; the contributions due to the iwo edges and to the gradient.
If the magnet is displaced by z vertically and the orbit enters the
magnet at an angle ¢ from the normal to the magnet edge, A8 due
to that edge is given by

AB _ 2 t%n ¢‘

since AG = z

and 1 = tan¢
R e
A@ 1is negative if the edge is vertically focusing and positive
if it is defocusing. Due to the gradient in the magnet, there

will be the usual contribution to A® from the radial component

of field

- REZ

Since ke 3 HZ =R_ EE
Ho 3 e Ho &
when Hx = 0 in the median plane,
H
and A8 = xS .
Ho@

The same sign assignment holds for this A& . Therefore in

traversing a complete vertically displaced sector a particle

experiences A6 = % [_’t tan ¢ l't -g—s-_ttan¢2j "
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For a radial sector magnet tan ¢ ke tan ¢>2 and both are nega-
tive quantities. For a magnet of a separated sector spiral machine
the smaller tangent term and the k term are positive while the

larger tangent term is negative.

Amplitude due to A&

If there is only one bump present, the equilibrium orbit
will be symmetric about it and the amplitude, A, of the
equilibrium orbit will be given, assuming sinusoidal oscillations,
by

AS=RA6
2y sinmy/

If there are points of symmetry in sectors as in radial
sector machines, the maximum amplitude measured at points of

symmetry when the bump is also at a point of symmetry is

. ot KAb
S Al S~y ¥

where fs is the coefficient in the one sector transfer matrix

M; G T4 7 P T B o=
M= Y g (oo T — N At

/2

since at points of symmetry o - Ol, The independant variable
in this formulation is length in units of the radius of curvature,
and f5 is dimensionless.

In the ordinary A.G. or the radial sector case, the two
points of symmetry correspond to maximum and minimum values of

/5 , hence there are four special cases of interest:

1. This is a particular case of the more general treatment given
by Laslett (Brookhaven report LJL 7).
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/4 f%“*” “‘ $ 3 bump and detector at point of %5 P

:)4%£;;jgi::f7 - /QS f/gump at point of 4 . and detector at
K ) point of & _. .,
i bump at point of 69 e and detector at

L}_)_oint of ]6 e

Y/
/4:/61H;L-7?“ /451 bump and detector at point of /5 T

In spiral sector accelerators there are no points of symmetry.

Examples

In the Michigan radial sector model the detector is in a
straight section. Since negative magnets are quite narrow we
~ will assume the éscillation amplitude is theée same as would be
observed by a detector in a negative magnet. We also assume
the bumps as impulsive and at the centers of magnets. The

working expressions are summarized below:

ﬁ_
Vertical: wide magnet displaced: 44 {E“— fp P o F{ )
MWJ/
3

narrow magnet displaced (aﬂ@ e o) '?f'a/ru ¢)

;— 3"’ 3 Am?f)/

4 C (f+1)s,
Radial: wide magnet displaced: g, ~ )/ I%m c;H? MZ’U/,_,

narrow magnet dlsplaced/ é (0(& """) S;,L Sh
- Y 28p e Wik

where subscripts 1 and 2 refer to wide and narrow magnets. Cole

has found "hard-edge" parameters which closely represent the
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characteristics of the Michigan radial sector FFAG model and from
which matrix calculations of the effects of misalignments were
madea2 These results agree well when plotted against the experi-
mental points. The maximum amplitudes computed from this matrix
calculation may be compared with the values from the above ex-
pressions, as a testof this approximate theory.

The equivalent hard edge parameters& are given below.

k = 3.36 Faa.: 2.403
== 1.20 Bon = 0.45
§Eg, = ,415 B,s = 0.95
.ﬁ(tr & 2.45 (average) Pav = 2,75
¢ = 19 (average) s = 2,712

1/} = 1.733

The results are compared with the matrix calculations in the

following table.

Present Reference
Approximation 2
wide magnet displaced 1.08 0.81
Vertical:
narrow magnet displaced 2.33 1.94
wide magnet displaced 1.41 1.65
Radial:
narrow magnet displaced 021 1 Rk
2. MURA-203

3. The value of/‘5 were found by Cole for these hard edge
parameter, although they do not appear in MURA 203 or earlier
references,
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Considering the nature of the approximations and the fact that
this calculation is for the center of negative magnets while that
in reference 2 1s for centers of straight sections, the agreement
seems good,

Applying this method to the parameters for a 38 sector 15

Bev separated sector machine (considering only centers of magnets),

4 = ﬂ" LA R P T f)]
= #(yg e Ty

7 TN f,d (L41)s
Aw;:re TR aa
k = 82.5 i = 10.8
§ = .O78R Y, = 4.85
C = 0.5R
A, = 83,75°

T 79,25°
assuming L/z (ié = )/mf/dzv
& b g ts A = hE

Z e
It is worth noting that the net effect of a vertical

displacement is smaller than any of its three components, and
this seems to be a definite asset to the separated sector
structure. This is analogous to the reduction in sensitivity
to perturbations in a conventional A. G. machine when focusing

and defocusing magnets are combined into single units.,



