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THE TRANSVERSE: COHERENCE DAMPERS:-

Introduction:

Since March 1973~ a feedback damping system-has been used to: control =
the:vertical transverse instability: present,: below the- transition-energy
of ~ 8 .GeV, during normal operation' of-the Brookhaven AGS at- intensities .
greater than ~v4.5Qx~1012/pulse.‘ Approximately one.year: later -provision
was alsormade:to.damp an-incipient instability in the-horizontal:plane
which could-arise at somewhat higher-intensities. Both systems:are éssen—w

tial to the.operation. of the AGStiat:high:intensities i.e:. >:6 ¥ 10¥%/bulse.»

The present damping systemsearesbased:on«a'prototypevwhich was used
in early studies ofithe transverse-instability,l. Details of the .design:
requirements are given in-Ref. 1. To. summarize the basic: principal, one
senses the motion-of-the center of.charge of the:beam-by means.of pick-up:-
electrodes. ..This signal is filtered, amplified; and transmitted to a
pair of deflecting coils located ~ 1/4 of:a betatron wavelength downstream.-.
The- system' is narrow:band.in that:it can damp only the.lower order coupled
bunch:modesy; n="9,8,10 i.e. those modes.where:.the bunched -beam acts:as a .

de-beam..

For.these .modes the spectrum of: the.difference signal will'contain-
theafrequencies,(n4v)f8? Mféh#'(n‘v)f8g>2Mfo i;(n;u)fa_gtc.g where .M is
the number of :bunches and fo_Fhe rotation-frequency. If: we assume-that
the resistive wall- impedance. is responsible for the instability the lowest .
frequency 1inevwillwpreddminate;2“VClearly,‘however,~significant~antidamp-~
ing.at :the other .frequencies should-be-avoided. 1If the:bunches are unequal..
iq,intensity,Jthen:somersigpal=at.mfoyi'(n;u)fgiwherefm7=-ILto»(Mil),“(M+l)b,

to (2M-1), etc., will also be present. These lines will:also. appear-if"
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any of the bunches oscillateindependently.. However, the.relative ampli=-:

tudes would be: larger in :this case. Damping.of these. oscillations will:in -

general ‘not occur:since-the narrow band-system sees only.the average posi-.
tion of all the bunches and hence .the phase of.the resultant signal will:

not:-be correct.:.

Description-of the System:

A block diggram of the feedback damping system is shown.in Fig. 1.
The: cathode -followers are.mounted:on the.vacuum.chamber:and:consist of a
6922-(E88CC)  connected in:parallel whose:input.capacity -of ~ 11 puf in:

series with the 40 K resistors forms the single filter:in the loop.. This:

attenuates the high frequency components of the bunched:signal which :would..

otherwise over-drive the:tubes at highubeam-intensities: A 3 db:point-of
=~ 380 kc provides adequate margin-for satisfactory damping of-the n=9 mode

for.all reasonable .values-of tune:below the transition.energy.:

The difference-amplifier.is a A733IC operated at a single ended gain .

of ~.28. An Analogue Devices 46J or K.is used-as a summing amplifier-line..

driver so that the overall gain is ~ 55 to > 12 MHz. The coil driver _

consists of-two. 8233 tubes in parallel giving a current.gain-.of ~ 82 mA/V

to well beyond- the self~resonant.frequency of the coils (= 4.4 MHz)."

In . the: spring. of 1974 .a new coil ‘assembly:-was: .installed providing a
two-turn -horizontal as well as a two-turn vertical coil. The leads were:
brought out: at the:upstream end.rather than downstream-and the:coils-have.::

the . following dimensions. nBothvare192:in;ulbng3withuthe vertical wires

separated by-4 .in..and-located at ' +:.1.25 'in., about the:chamber :center :while.

the horizontal wires -are .separated by 4.25:in.-and.are located -at-+ 2 in. .

above and . below the:chamber center.. On:the.median: plane then.the. vertical -

coilsthas a strength of = ..11 gauss/amp and hence-it.can produce a.trans--

verse ‘Ap =+vBL = .77 x‘107§!BeV/c»amp. The-horizontal coil has+ a field that:

varies somewhat -more with-the radial position:of:the beam. We:takethe.

average -strengths.over:-a 2.5 in..aperture as .0767 gauss/amp:giving a Ap'=

.54 x;lOiSIBeV/c~amp;

A differential gain-adjustment.is. provided by employing.a: FET.iin . .
series with 'a 1K .resistor to form-a .variable . attenuator-at-each input,.
to the 733.. . An operational amplifier provides:-the necessary inversion
so that a single input.can vary the:gain in opposite.directions -in -each

channel. This.is used:to balance-out the:signal due.to.anyiorbit error::-

11
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at-the PUE-:location... For the horizontal; :of ‘course, a: null. can only:be-
obtained for one position-:of the beam. . In principal the. gain:could be.
programmed.as a ‘function.of beam:positive -but this has not been necessary: -

so far.

Initially the pick-up electrodes were located at:straight section-B-3
and. the deflecting coils at.B-10,. . Since injection is at:A-20+the radiation -
. was rather high in the vicinity of the difference amplifier.which was. loca-
ted on:the-AGS: floor next to the main magnet. gikder. In -January 1975 the
entire system was moved to A-3 and-A-10 where the'radiation:is minimal. .
Since:.that time.no.component. failure has occurred as opposed to at least

one-definite malfunctioning of a 733 .in the old location.

System.Performance

The -damping rateof the.feedback loop.;can:be‘written'as1

v sin [ne-(n-v)wa]‘f

D.=-AB ’ = ,
P amp 4my (y-T)

(1
where-Ap-is the transverse momentum-imparted. by the .coils, p. the.beam
momentum;. v its velocity, p the:betatron wave. number, w the beam angular::
frequency, @ ‘thet.angular separation. between.the pick-up electrodes-and
the.deflécting coils, T the.signal-time. delay between these:two. points and. .
§§(t4T)lthe average -position .of .the.beam.as seen by the:electrodes.. One:..
can-also define .y =v2nD/wo such.thataany‘initial displacement -of the beam ::

oN

will:decay like.e *" where N is the number of revolutions after the per--

turbation“(‘dl<<[1),HTmhen@weccanuwriteiinvviewmdfttbe&above~

sinﬁ[ne;(n-u)wbij'

RGO

(1a)

_Ap B
&= 2

where B =-R/y.-

In.the:above equationsuwe.havenwritten.§; to.imply that the . beam posi-:

tion-is measured at g = é'in an:AG machine.. If this is not true as ‘in the -

present-case we -can write‘§o‘=*\B/Bé s where:Bd_;s-theivaluewof B at the .

PUE:location. . Since the coil is located about:the center of a 10 ft straight.

- 1
section where B, = B we can write (la) as: ;

) AP- I———BBO sin [ne-(n-v)on]

o= )
P 2 yo(t;T);_

(1b) -

[
1
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Now:Ap_F-Kya where K.depends ‘upon- the pick-up eléctrodeisensitivity, the:
beam«sintensity, andithe gain-:characteristics:of the electronics including

the deflection-coils., . The damping rate D 'is .then-given by .

%nﬁvgggwéin~@;4

4nyméc

where @ = [n8-(n-p)o _T] and o =:¢/R. - Also we can write -

O;?K sin ¢ (2a)

for the.damping rate per revolution:nxTheamaximumadampingvrateA(éins¢;mwl)‘m
thus-depends .upon.K. for a given:beam momentum:p.. If we-ignore. for the
moment - the: frequency-characteristics of. the filter-then-K is :just the-gain:.
from.pick-up electrodes to-deflection.coils in units of-momentum/displace--
ment.. We have. for the vertical PUE differential.sensitivity =~ .08 volts/cm-

per:lOlzhprotonsmandnfOr the horizontal =~ .0961v01ts/cm;10%%; Thus-

096 V'x .65.%.55 o amp. -5 BeV 1521><.1o’8 Bey

L= "% o5& % 10 =
KH cm 10 %HprotonSHH:’ °1t - amp cm.x«lO-l*-g c.

where-.65"is the gain of the cathode followes into:.180°(Q) and. .

= Log¥RlEn o 65y 55 x 082 B 77y 1077 BeY _ 181 10 ' B
v - 12, volt ! amp.-c 4l
cm. X 10 cm-10"" ¢

The maximum damping rate at.y,=~l.7fandu5'x'1012.brotons;iS’~

R 10°! BEY v -371~Xr10§¥JiZT7tETT§5X-102?ém;g‘3769csec7'
v 2X17X.938BeV/cccmv sec : igecr
and.
Dy = X 0% X «371x 10 J14.7°10.5.= 2197 sec -1

- 2'x1.7 x 938

The maximum-observed vertical:'growth: rate in the:absence :0f damping .

was ~ 500_<fs_ec-l at a v~ 1.65 and‘an:intensity > 6 x 1012.; Hence wehave:-

a damping rate about eight times the:observed :growth-rate since both.are
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directly proportiomal to the beam ‘intensity. In+the horizontal plane-the .
growth rate When.the<instabiiity;occur5‘haszalWays,been%less;than twice-
the.vertical value:at the same intensity...Thus-the horizontal system.gain
is :also quite adequate. These growth rates are for.the:(9-p) coupled-

bunch - mode. :in both:cases. .It should .be noted however that:" "ithe within -

[ —

S — 2
the bunch mode number - is zero for the vertlcal osc111atlons and one for

the horizontal due. to the-much larger value-of £ = (dp/yp)/(dp/p),the chrom- -
aticityyin the horizontal plane than:in the wvertical plane.

Now let.us find the maximum o atsinjection (y,5“1.213)1for~1013Uandf@

the - (9=p) componentof -any initial. displacement from the equilibrium .orbit. .
We. obtain

-7 -
=:,01425 ..

_ A4 x 21,8 % 10% % 181 -x. 10
T 2% 1.213 x.938

o
Thus ~it would take about =70 revoldtions:or.~ 340 ysec for ‘the (9-p) com-
ponent:to be.reduced-to 1/e-of its initial value. This-is comparable to’

the spiraling time ofithe unaccelerated beam with normal B. With multi--

turn - injection however successive revolutions will have.different phases of . .

oscillation:so there is. no.way that the system.can adequately -control in- -
jectionierrors... In-general the system has negligible.efféct at injection
and also at high energy (due to the'1l/y term-in.D or ) so it is allowed

to remain sensitive at.all-times. .

Nextwlet:usjconsider-how-@ varies in the AGS. For the'A-3, A-10::
spacing. we have @ =:10,7° and T = 125 nsec (100“for the .cable-and 25 for
the electronics)”for the feedbacktloop: . For.y =:1.7 f 300 ke -and. 1f%

1 =-8.8 we obtain for n =9 a P = 93.6% and 60 ke as the pr1nc1pa1 fre-.
quency in the-difference signal spectrum.. Aty =8.6, ¢ = 90. 9° Wlth ‘
120 kc-as the principal frequency-and “for 3 = 8.9, @ =95° anduthe~n:= 9
mode frequency-is 30 kc. = The-lowest observed coherent:frequency'was ~

13 kesfor. a y»%&l.3jandaa:px A 8;94.fdr.whichrmme:960;. Thus-we see that
for the.n =-9 mode there is no significant variation in @ over-the normal

range:of AGS’ parameters.

In order to include‘the:effect of’the:filter on the damping: rate we -
must multiply:K by (e ~i.ame-tan £, )A/T?T?7f-3 Where: f 24380 ke. and -

~]n—v|fo.” Thus at. 60 ke the . gain is still max1mum,butathe~total:ghasei
is®d = @+ arctmf(f/f¢)_=<1031691and»sin;¢r=*.972f30«that'the-dampingg

11¢
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rate is essentially the same as quoted above. For 120 ke & = 108.4° and
sin @ = .95 while the gain K is reduced by about 5% and the overall damp-
ing rate by.~ 10%. At these frequencies the damping coils and driver
contribute no significant phase lag.

With the system as described above adequate damping was obtained at
intensities up to = 7 ¥ 1012 protons/pulse. During most of 1974 the AGS
was operated with the horizontal tune above the vertical tune from injec-
tion until v 2?1.59 At times v, > 8.9 and at intensities near 7 X 1012
the horizontal damper could not adequately control the resulting instabil-
ity. In:early 1975 the horizontal tune was lowered to = 8.7 and the ver-
tical was kept in the region of 8.8-8.9. TUnder these conditions the hori- |
zontal instability was essentially absent at 7 ¥ 1012 but above this value
occasional blow-up in the vertical plane could occur. This was suppressed
by programming the vertical sextupoles at about 6 A starting 10 to 15 msec
after injection., With this combination intensities of 9.8 ¥ 1012 were
reached. It should be noted that the above sextupole current doubled the
vertical chromdticity at v~ 1.5 and decreased the horizontal value =~ 25~
30%. - The ‘horizontal instability returns at intensities P 7‘><1012 under

these canditions. but the damper was:abletto suppress it up to the 9.8 1012

_intensity peak achieved prior to February 19, 1976.
Observations. -made onthe nature:of .the.wvertical blow-up-during the-
rare’pulsesuwhén it occurred rindicated ~that+a: significant.signal-at the
(9fuy)_frequencyrwas-presentrwhich~greWﬁwith the:instability. . This could
also.be seen on the.envelope of an rf difference signal showing- the:indi-
vidual bunches.. Itw»should be remarked that:with the-damper. turned: off,
coherence ‘would ‘occur-on-every pulse with a. faster growth rate and-start- -
ing-closer to. the.injection energy.- This behavior along with thewhigher
intensity. needed for:the growthi to occur-suggested that it might-be:dué to..
the damping system-itself.. See Appendix C fordiscussion of.this point..
In order to test:-this possibility. the.response. of the:loop was modifiednso-m
as to give a 12 db per octave roll-off for frequencies ~ 25 kc or greater. .
The sense of- the: feedback was reversed>.because now @ =.1m + ¢ and the
overall gain was changed so that-|K|.was the same as before at .~ 42.7 ke. .

Details of the.change are described-in-Appendix A.

In late January:-1976:this modification was:tested in the wvertical.

loop.- It was-. immediately apparent that the performance:had been improved ..
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since it was possible.to. operate-at intensities > 8 ¥ 10%2'Without?tﬁeqsex-
tupole-program:and. without-any vertical blow up.. .Subsequently, an inten--
sity«ofw1.03fx‘1013iwas reached in.early February 1976 again withoututhe"

need of:sextupoles.

Conclusion -

By putting in the 12 db/octave-filter the. gain- for higher order modes
ig reduced so.drastically that any. damping.or:antidampingaction by the-
system is-negligible. . Thus as:the AGS intensity increases one still might
exbect~growthainzone.ofvthe“higher:order~coupled bunch 'modes -or. in'case -of =

unequal:bunch population; individual bunch instabilities.%’7

If such iristabilities'-d@a“eventuallyoccureat"intensities.>=»1013 then -
someammﬁnalncontrolnis.possibleﬂusingftheasextupolescto;vary-the chromati-
cities, but-nothing:furthetr can be expected from the'present damping system.
An:entireiy”new«system with wide band electronics operating:on:the individual-

bunches :would: have :to be -employed;

In closing I should acknowledge the invaluable assistance of Mr. E. Gill .

in carrying out this work. -
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Appendix A.

The loop. response was modified:as. follows; .. For :the input:RC'to the-

cathode-followers R was changed to 401:KQ and-C to-68 'y plus-the:= 1l yuf

shunt capacity. - Thus wCiRi =1 for 5.Kc-and it'was decided:to contrgl the .
low. frequency’ response by making-the .output- .coupling. capacitor driving the
terminated:180 () cable .176 |,f£..-This also results in chRémé~lvat 5.Ke

(all other -low frequency-time.constants:.being >> 31.7 psec). The response

then can ‘be written as

where- fu =-5'Ke and"@- ="1/2.:=-2 arctan. (f/f-) where- negative:.@ represents-

a phase lag and A/2 is ‘the gain at- f« +(~".36).. Next the pAi733 . gain-was.

increased .to the maximum-.possible i.e..~ 180-single+ended. ..Then:the 46:J was

used .as a combination differentiatéwn; integrator, summing amplifiér. TIfi:.

we-call RDCbttheedifferentiation«elements'and R, C the integration.elements-

e

then they were chosen@so=that.RDC = RlDd Tc =: 31 7 psec-with: RD/R

10“and¢RD =39 K. With~GD‘- 8200: puf and: C =: 8207t f 1/2ﬁTc._p5Kcuk

we-have- for :the:gain of this stage:

™~
>
[Soi
O
o)
ke
‘I(\D
-
=ih -

B ] RN

e

fad
+
7~
H
~
h
et

where .0 is the same as above and.the.factor:of two..comes.from summing both -

outputs :0f the:733. . Thus theitotal gain is'~

2590 e, :(f/f ),

EI0RE

[1T+-(f/fg):jru

which at 42 Ke:is ~ 35.7 i.e. the nominal-«low .frequency. gain of ‘the pre-

vious configuration., At- this frequency 26»‘“152;89ﬁ0f'1ag so” for .the:in =9 .

mode’; o= 294, 4 * and & —~-180 4+ 152.8 +94.4 .= 67;29fwhere we .subtracted -

180° because the sense of the feedback was reversed.:. Thus: the:damping rate=

for 42 'Ké #s =~ 92% of the maximum values: calculated:earlier.. Itiis obvious -

11€
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how. the -gain-scales with: frequency. but- let us:compare:thé-value at 3.6 MHz ..
with ‘the earlier configuration. Werobtain ~ .005 for this combination:-vs
3.75 for the: previous -filter. Due'to .stray capacities this: large a reduc-

tion.is. not.achieved: but :it' is still greater than.two orders of magnitude.. .

As a final-example, let us calculate the damping rate.at £ =13 Kec for.
the - = 9 mode., The:gain:is 290"and 26 =.95.85° so that @V=u12.15015ndxsin;
@_= .21'so’the damping rate is .21 x 290/35.7 = 1.71 .larger than-the maxi- -
mum calculated earlier.  Because.of .the higher gain of-this system: in.the:
region.around 5.Kec, care must:.be’taken to minimize noise pick-up.or genera-

tion-(by the:.6922 .tubes) at these-frequencies.

Finallyiwe :should remark.that becaﬁse:the~input,RC to-the -cathode-
followers .was increased by-a.factor.of = 70 the high frequency components:
of ‘the: input-signaliare greatly attenuated so there.-should be:no chance of .
overdriving them at intensities much 1arger~than,1013:luThis~reductiqn4is
so.great that even though the 733 . gain was increased somewhat there. seems
tO'beﬂno»further-need:fOr:the‘variable:attenuators»at‘itS'ihputAsinceranyw
difference.signal due-to .an .orbit -error will be negligible.. At present:the-
above modification has ‘been installed in-both the vertical éndlhorizontal'w

damping: loops..
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Appendix -B -

Orbit Bump-.Due: to Damping Coilsy -

There is always a de: current+flowing. in. the two-turn-deflecting coils:-

of '~ 130 '‘mA. Thetzresu«lting.orbitw:deflectionwiS”givennrby4

= [ £(eyicosy (mhput). ay

where’¢;= fds/Bv.A For our:two-turn:coil.of length:£ centered:about: ¥ =:0-

we can write-

% 212 -
Y = o %fi: [ eosttmrgy gRas
-1/2

where Bp.is the momentum.of the.protons and.pB the field due to theicoili..

At 1200 MeV-Bp 2;151x:103'Kg”cmrand¢f0rmthe.vertical»deflebtingqcoil.&_=>

1]

233 cm.  AB = .11 gauss/amp and for B we take the average value at the center

of‘the7coilﬁéf¥=R/uwso that-..

'\/BQSE) B

T 2 sinimy.

6

v () " cos.p (). 1.557% 10

If.u@ N.ﬂ/ZVthenuweacanibe;qlbse.to;a~gﬁax =:22 -meters verticallywand we
obtain
35-»%.y22 x~151x'l.55@x:1074°cm:=---1;45x 1079 cm

ymax )

and, of course, somewhat less- for-the horizontal coil.

1T
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Appendix C

As mentioned earlier, when a.bunched beam.oscillates in:the:..coupled-
bunch mode:n there will:be present. in the difference.signal spectrum: the..
frequencies (n-ﬁ)[fo, M i~(nev)]#f6é‘[ZMiiﬁ(n;v)]nfo, etc. depending
upon the bunch'width. . The relative amplitudes of ‘these lines-willialso .
dependhupon’"m”,tﬁhegwiﬁhinnthéfbunchumode number, . and.theé frequency.
f;fg‘%rgvﬁﬁfd/ﬂ“wherevﬂ‘=’Y:%a;(y-zizz‘Wé should:also note.that these
frequencies are to beiconsidered negative. or.positive depending upon:
whether:thetwavesvelbcity;R[Mvia(ney)]{mb/[MJisn]'etc. is less than or
greater than:the particle‘velocitywubR.z;'Foer.bunches there are only:

M distinct: coupled bunch modes:n .= 0,1,-(M-1):and 2mn/M is .the phase

difference. between bunches.,

Now, -so-far we have considered only the:loop:response-at.the . lowest"
frequency:line.for the.n.= 9 coupled bunch mode. The damping rates cal--
culated-previougly are. only valid: fora DC beam:or one:that is.not-only
tighly bunched and-for.which & = 0.. Neither of these conditions prevail.’
inkthexAGS%particularlynin”the%regionwof”y'=~l.55— 1.7“Where?vertical
growth could occur with the damper active. 1In order to calculate-the;
damping rate for the bunched beam we need-the . loop response at (21Jv)f6}
(3+w)f6i (33?p)f5‘gnd:(15+v)fbigince;these-frequencies.will*be«presentq
in.the“spectrum of the difference signal for the-'"m=0"-within the bunch-
mode;g Assuming as before-that y-=tl.7-and-v = 8.8 We=0btainffdr‘ff=”12}2“f6;
- =:3.66 Mz a 51=*224:7 + 83.9 + 11.--159.3 = 160.3°.  Since sin b = 337 and .
thexfilter’gain is.-0.1 at thié frequency. the nominal damping rate-is..039 -
that of 'the maximum. .low frequency value.. For n =3, f =v11:8hf57=»3;54 MHz'-
and @ =:32.1 + 84=+-11.--162;='-34:9?aﬁd?sin B:= -.572 which means.antidamping.
The..filter gain is..11l here'QOfthe'rate.iS(-.063?timesqthewlowvfrequencyavaluer'
We have.included here 11%of lag due.to :the:coil.and driver in calculating -
the.®'s. Theusystem response at 23.8’&n24;2ff6 iS‘negligible%since-in,
addition to the fdctor of two: reduction:from-the filter these frequencies
are well above the. self resonant.frequency of the coil (= 4.4 MHz) and most .

of ‘the current will be shunted by the.:stray - capacity. .
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In calculating theieffective damping.rate we.proceed in.a manner -

similar to-that used in Ref. 2.for obtaining the-growth rate:for a bunched-
i
beam-due to the resistive walliimpedance. That is we :sum the :loop. response.

over the:bunch spectrum:with the value-at.each: line weighted:by the.square:
of 'the amplitude .(hénce the energy) .

Y. D¢{f)'h o= f )
=.n ¢ n) o,ﬁﬁn‘ fg)

0. — —~—

where.ho‘(fﬁ)“=flv (f)l “and D 'is.the Fourier transform of the center of -
charge;motiOnﬁfor”the m = O‘mode.nLIt;can be written as:

q~‘ 2.cos (T w/2)

TS

[1 - (” w/ﬁ) ]

2

5
N Il

i

o -

whereajg,is*therbunchélengtth The;frequgncies<fﬁ are - just the.five lines.

mentioned above-where those.for:n.=-9; 21,733 are considered negative -in "~

é

evaluating«h and ‘those -for n.=-3, 15.are consideredzpositivé;A Withﬁﬁ&?ﬁ
140“psec,a£t §(3ﬂ6jMHmﬂamif =:.300"kc we obtain for Zh 2= 9,88 -and:for=-
the numerator: D (2 5 - 4 % 063 +b4 X .034).=:12.26 D where D “is the.

T

?

maximum- low frequency damping. rate- calculatedmpreV1ously.. Hence.thea
effective damping rate of the. .loop.for:-the n =29 coupled . bunch mode (m =-0)-
for.the:parameters .chosen.is ~: ,23" D or less than-twice thejpobserved-growth.
rate for+the gain quoted -above.. We.see that the-antidamping.for:the n =3
line:results in-only. a 10% reduction-of the total. This rate will.not be:
significantly different at .lower.values:of 'y where-a slightly larger value--
is expected.-

Since the system functioned~satisfactorilyibelow 7 "X lOI12 protons/pulse

and. its gain.is ~ .to intensity as is the resistive-wall'growth rate,ngne.
cannot- explain the anomalous.growth :of :the:n = 8 ‘coupled.bunch mode in the.
range of y-=:1,5"- 1,7 if the threshold for the-instability at these energies
is the same.:for.the range.of.y =:1,25"-+~1.5: However, if this"is. not. .the .

case, then' the slight-expected difference: in damping rate:noted-above when -

the safety margin is less than:two might.be-an explanation for:the occasional -

growth of this mode. In. order to:settle.this question,-a series:of growth.
rate.-and threshold measurements would:have to be made: by turning: the damper. .

off at different values of vy.-
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Finally, - it -should be remarked that the increased:vertical chroma-
ticity produced by the vertical sextupoles:was such as to reduce the-
growth: rate for.the:m.= 0 mode. This; ofﬁcourse,=increases7fg and
hence+reduces further the effective damping rate. The,loop;résponse
modifications discussed in Appendix A leaves only one term in the sum:-
ofathewnumeratornfor“Ddgbutvmakes=its magnitude:much more dependent.

upon the.value of:.. (9=y) fo.
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