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LONGITUDINAL DAMPING SCHEME WITH TWO TRANSVERSE

KICKERS
Alexander Mikhailichenko

In [1] the proposdiave been made to dartige longitudinal oscillations of the
beam with help of a singlgansverse kicker. Here we consideredirailar scheme
with a pair of transverse kickers. Additional kicker drastically improtresdamping
possibilities ofthe scheme. Herghe scheme considered,hat can be used for
dampingthe longitudinal beam motion in a damping ring wsll asfor stochastic
cooling the longitudinal beam emittance.

Let usconsidertwo transverse kickersK, and K, what areinstalled alonghe particle trajectory
in a damping ring, Fig lLet the point s= s is a focal poinfor sine-liketrajectory, what starts at
point s=g where thefirst kicker is installed.Basically, this means thahe distances, —§
corresponds to an integer and a half of a betatron wavelength in a damping ring.
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Fig. 1. Kicker K, installed at longitudinal positions= g and the kickerK,
installed at longitudinal positions= g in thefocal point ofsine-liketrajectory,
what starts at the poird= §. RF is a RF cavity ahe ring.This may bealso an

additional RF cavityoperating at higher frequency thdre nain RFcavity of
the ring. There are also shown PickAmplifier and phase adjustment elements
(time delay).

Let theamplitudes othe kicks arranged so that there is no desi oscillationsafter one pass over
this system of kickers. Let the transverse motion is represented by the following [2]
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where C(s) and S(s) --are cosine andin-like solutions of equation of motior)(s)-- is the
dispersion function anthe derivative is takerover longitudinal coordinate s. The pathlength
variation between two points can be represented in this case as
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So if xy, for example, is modified by the kick& (and eliminated by, ), with correspondence to

theenergy variation ofhe particle by appropriate way, one can change the phasevrig into the
RF cavityand, hence, tolerate to the phase motion of the (macro)pasittout perturbation to
the betatron oscillations.
One can obtain the equation of motion ifadividual (macro)particle in thelamping ring irthe same
manner as description of ordinary longitudinal motion f&mely, variation othe phase anenergy
deviation from turn to turn will be
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where T, is the period of revolution, and the facton can be expressed as
N D%fgdsﬂ(llyfr -1/y?,y=E/md, y, Oa"?-- is thegammafactor, corresponding the
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transition energy. The last term in fivst equatiorarising fromthe pathength variation according
to initial conditions at the position of the first kicker. Basically, the general term in our case is

(%)==, 2= Es= ¢ (s, 9

where we definedhe integral I(s,, ) = J’ 501 S s §)/p U dswhat is adimensionconstant (with the

dimension of dength), dependingnly from positions ofinitial andfinal points in adamping ring.
Treating the number of turns as independent variable, one can obtain
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We also suggested, that the differegce (¢ —@,) << 21t . From the last equations one can obtain
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If we suppose, thax; Ok , the equation of motion for the phase becomes
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! That defined by the bandwidth of the feedback system. Basically the number of the particles in the bavidvedth
N, ONc/ (o I W)
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where (2rv )* = . One can see, that the last tetescribegshe decrement. If

we define as usual
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then the equation of motion can be rewritten as the following
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The last equation has a standard solution

Y = ¢ exp{nd-A - yA° = (210 )°T} + ¢ Bxp{ nE-A +A° { 2w) ).
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factor cT,/ (s, §) is the ratio of the circumference of the damping ring and thdguagth integral.
¢ty [a LeVEICos, / E what has a cleghysicalsense, as
(S0, 9)
the (cT, [ (eVUCog,/ B is the path length difference, arising from the energy variation, produced
by one pass through the RF cavity.

Nowlet us discuss more detaildte nature of the relatior; Lk . As one can sethis term
indicates thathe kick is proportional to deviation dhe bunch position fromequilibrium azimuthal
positiony =@ -—@,.

So the signélom a pick-up electrode need to be procesbealigh the phaseéetector with

the RF phase as a reference one. This is a standard technique and we will not discuss it here.
The other possibility is the notch-filter scheme, see Fig. 2.
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If A >2nv, the motion is aperiodicFor this one needs thave k > 2 . The

The last relation can be rewritten las 2
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Fig.2. The notch-filter scheme (Lars Thorndahl, CERN, 1975).

In this schemethe signal, induced byhe currentJ(t), passinghrough pick-upjnducesthe voltage

U(t) DJ’ J,(W)Z,e™ do® . As the pick-up loop and theable are connected irparallel,

2 Details of the scheme depend on the design of the pick-up. We consider the pick-up with inductive type, but considérations stil
valid in general for any type of pick-up electrode.
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cable, Z,-- is theimpedance othe cable. Representing, U J,, (Cogv w, )} and considering the
signal aroundharmonic withthe numberm, w Omw,, wherew, -- is the revolutiorfrequency, one
can estimate

, WhereL is the inductance of the loo, UiZ,tanl /c), I-- is thelength of the
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The length of the cablé is chosen so, tha—%— =T,, or l D—
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If inductance of the loop ismall enough, so theZ, danf jt)= mwlL, than theamplitude of the
signal from pick-up is proportiona&l (t) 0J, O-iJ,, mw, LOCo%v w, JOE™ 0 Cas w, )ty .

Discussion
One can see, that there is visible restriction for the speed aflamping in this scheme, depending
only on bandwidth othe pick-up,amplifier and kickers. So this scheme can bslgamplemented
for stochastic cooling of the longitudinal emittance as well.
The scheme consideredipes noexcite the transverse motion of theamafter passindhe pair of
kickers. Small residual transverse oscillations can be eliminated by tuning the amplitude of the second
kickerin situ.
One interestingossibility of the scheme described tae following. As one can pick-up thsignal
what is proportional to thamplitude of phase oscillations and, herbe, instantdeviation of the
beam energy from equilibriumy) O OAp/ p, one can see, that thi#ference inthe pathlength

could me made as following
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where we supposed, thag [ KA—FI)O, K -- is an appropriateoefficient of proportionality. So if the

sum ofthe terms in the bracketsade equal t@ero, thechannel, connecting, and s, will not

depend on the energy deviation at all.
One can see, that tlseheme pyposed in nosensitive tathe dispersion athe points of the actual
location of the kickers.
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