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Introduction :
_ ) 20F
During a normal cycle of operation of CESR there are three i
occasions when the closed orbit is deliberately changed: Elecs
trostatic separators create the appropriate pretzel for injection,
pre-collision and luminosity conditions. At the same time thé

separator voltages are varied corrector magnets create orbit dis-
tortions that help reduce radiation sources. In addition to th

deliberate changes there are occasional undesired closed o‘irobit OF
alterations due to separator high voltage sparking or magnet ’
power supply anomalies. The analysis in this paper shows that a "
rapid change of the closed orbit, whether intentional or not, gen- — 10 f
erates betatron motion. The amplitude of the betatron motion is
such that at least twice the aperture is required to make a rapid
change than a slow one.
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An alyS|s Figure 1: The closed orbit, betatron motion and the total transient
motion are plotted as a functionf ¢; with constang = 20m

For clarity, in this analysis | describe the motion of interest ggsumed. A kink occurs i andx. once each turn. Note that

horizontal, but |t Could equa”y We” haVe been Vertical. |mag|n@]e peak excursion of is about twice the peak closed orbit

an instantaneous change in the closed orbit caused by sudd@iyursion. The fractional part of the tune is .58, the kick angle

turning on and leaving on a angle kid¢ at a location where s 0.001 radians, and the initial positionxi&p;) = O.

the betatron phase 5 = ¢(S) = ¢; and the beta function is

B = B(s) = Bi. The new closed orbit measured with respect to

the old closed orbitis constructed by finding a betatron trajectory

whichhasx(¢i +2mv) = x(¢i) andx'(¢i +27v) = X'(¢1)—A6. assuming there was no betatron motion present before the kick

The well known result is: was turn on. Since& = Xz + X, for 0 < (¢ — ¢i) < 27v the
cos(¢p — ¢y — 7wv) particle motion about the new closed orbit is,
Xe(p — ¢i) = AGY/BB "; i (1)
sinzv
where¢ — ¢; is evaluatedmodulo2rv, andv is the phase :
o o = A8,/ BB — @i
advance per turn. The closed orbit is then periodig iwith Xp 0/ Bpi sin@ ¢')‘
period 2rv. It has a ‘kink’ in it at¢ = ¢ + 27vN, (N = NN, CoS(¢ — ¢ — 7v) 3)
1, 2, ...) where the kick is applied but otherwise is a smooth free 2sinmv

betatron orbit. After several damping times a particle which

had no betatron amplitude b_efo_re the kick was turned on Clos?—%re I have dropped teodulooperation implicitin equation 1.
follows the new closed orbit given by equation 1. Howevef\’levertheless equation 3 is valid for all> ¢;. This expression

immediately following the turn on, the particle is not on the NeY%or Xg has been constructed to give the correct initial value and

closed orbitand ms_tantaneously gets a betatron amplitude abagtpe at the kick point. It clearly solves the betatron equations
the new closed orbit.

S . of motion for allp — ¢; > 0 as it is made of two pieces each of
When the angle kick is first turned on and the particle h%v%ich is a valid betatron trajectory. So equation 3 must be valid

passed the kick point only once, the motion may be well d%(f all — ¢ > 0, not just the first turn,

scribed as a free betatron oscillation about the original close
orbit In this case the net about the original closed orbit for the Now we can easily compute the net position of the particle

first turn only is, for all ¢ — ¢ > 0 using equations 1 and 3 ard= Xg + X, but
_ o o _ we must keep in mind that equation 1 is evaluated with ¢,
X = A0V BB SN — i) @ modulo2zv. An simple example of these motions assuming
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To calculate the effects of the transients it is useful to know tte”
size of its invariant betatron amplitude. Once that is know thé
maximum excursion at any point in the ring can be calculated 20 7
quite easily. © I ]

In a constant guide field and with no radiation, particles foIIo@
trajectories about a closed orbit of the form

Xg = a,/B cos(¢ — ¢o) 4)

wherea and ¢y determine the particular trajectory aads the

invariant betatron amplitude. Underthese conditions atany poiﬁt

in the ring the peak value of; will eventually be reached when | ]

the argument of the cosine happens to be near 0. The pe@ak 400

amplitude is then simplg.,/B. o 320 340 360 380 400 420 440
| will directly calculate the invariant amplitude about the new s [m]

closed orbit just after the kick is applied. As before, | assume

that before the kick is turned on the particle is on the design orlh._i

with no betatron motion. Just after the kick, we have at ¢,

using equation 1

nd distor

-20

|Igure 2: The original pre-spark pretzel (solid line) and the dis-
torted post-spark pretzel (dashed line) are plotted with the result-
ing betatron motion represented by shading. Here the separator

X(@) = 0, X(¢)=A0 at 45W was assumed to spark durgiginjection.
Xc(i) = AGE cotmv
2 Using equations 1 and 9 we have the ratio of peak betatron motion

Xp(@i) = X(@) — Xc(¢hi) to the closed orbit at every point in the ring:

Bi

= —A6—cotny (5) o 1
2 X _ >1 (10)
[Xcl COSp — ¢hj — v

An expression foix (¢i) may be derived by differentiating
Xg = X — X.. The algebra is somewhat tedious but the resulti§s5 > 2x. in general, wherg is the maximum value thatcan
/ AO B reach at each point in the ring. Near a closed orbit maximum,
Xs(@) = —(1— EI cotrrv) (6) the ratio is close to 2.
] After afew turns, the number depending on the choice of tune,
Another handy formula, borrowed from Sands but simple i@ phase of the betatron motion and that of the closed orbit

derive is 2 ) distortion combine to give a maximum orbit excursion which is
a2 = X3 + B(X, — 'B_Xﬂ)Z (7) atleast twice the peak closed orbit change. This means that a
B Fo2p rapid change in the closed orbit at requires twice the aperture of
Plugging 5 and 6 into 7 yields: a slow change.

(8)

A6
|al = ‘— Bi cscmv

2 VA Examples
This result can also be obtained with less algebra if one imag- . .
ines turning on the kick just after the passage of the partisligl.hen a separatpr spafrks '? CES}? thltla_ voltagde gloias Ve_Pr/] rapldly
Then for the rest of the turk = 0 sox, = —xc. This leads ¢y B2 Gl e o Cy dapends on which separator sparks
o ]3] = |a| wherea is the invariant betatron amplitude of theTo calculate thegtransient wepﬁrst calculate the Ehan e tg the .
closed orbit trajectory equation 1. 9

Equation 8 gives the invariant betatron amplitude about tk%osed orbit bysettmg one separator &.It Z€ro voltage, then add the
tron transient motion from equation 9, (see figure 2). Note

new closed orbit after the closed orbit has been suddenly chan S thi the t ient litude i i ter th
by a single kick ofA9 and before damping or feedback hav a Ilnt tlr? case Ie ratn3||el;1 ampiitu Ie 'S no f?rea er ar; or
had any effects. Note | have also assumed that the there was g2 10 the original prelzel because only one of four separators

betatron motion before the closed orbit was changed. If the?@arked‘ Nevertheless the transient still brings the beam center
were no further changes to the closed orbit after the kick wi :hwell b_eyon](cjt:]he Or'?r']n.alt pretf_el mag:‘rinumsgc;rover ??] mm
applied, at each point in the ring the particle position woulf e region ot the north interaction pol S m). The

‘oscillate’ about the new closed orbit eventually approachin\f;acuum chambe.r wall is at 45 mm. . . .
peak values of A table of maximum amplitudes for various configurations of

CESR undergoing sparking any of four separators is shown in
o o |AO table 1. Electron injection conditions are the most dangerous for
Xp(8) = 2 PiB(s) cscrv ©) the beam. A spark at 8E would swing the beam center within 7
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Figure 3: A spark in the separator at 8E would cause this dis-
tortion of the pretzel (dashed line) and transient betatron motion
about the distorted pretzel (shaded region). The pre-spark pret-
zel is shown in solid line. The interaction point is marked with
ad.

Condition Location of spark

8E 45E 45W 8W
e~ injection | 38.6 255 29.9 22.
pre-collision| 33.3 22.6 26.0 27.§
collision 18.3 20.2 188 25.3

Table 1: The maximum excursion in millimeters of the beam
center including the transient from a separator spark at various
locations. Note that magnetic bumps were not taken into account
and could further increase the maximum excursion. The vacuum
chamber wall is at 45 millimeters.

mm of the vacuum chamber wall near the east IR. This is shown
in figure 3.

Beam lossis also likely during pre-collision if the 8E separator
sparks. The excursions are calculated for the positron beam.

An even more dangerous situation occurs if the separator volt-
ages rise too fast. Then the amplitude of the transient is indeed
more than twice the amplitude of the full pretzel and the peak
excursion will be at least 32 millimeters. However the high
voltage power supplies are not capable of raising the voltage ar-
bitrarily fast and some damping reduces the maximum excursion
the beam reaches.
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