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SLOW FEEDBACK LOOPS FOR A LANDAU CAVITY WITH HIGH BEAM
LOADING

N. Towne, National Synchrotron Light Source
Brookhaven National Laboratory, Bldg. 725B, Upton, NY 11973-3000

Abstract Section 3 contains a description of a proposed RF control
stem capable of stretching, compressing, controlling the

Equilibrium bunch shapes for bunches stretched with %‘yvity phase arbitrarily (within the limits of the power am-

higher-harmonic cavity are sensitive functions of beam an ifier in high beam loading), and operating without beam
. Thi i Its of calculation ’ > P
RF parameters 'S paper gives results of calculations n that section it is assumed that the main-cavity field is

equilibrium bunch shapes as a function of Landau-cavit /. od and that the harmonic-cavitv| e slow compared
phase, the relationship between the stretched-beam ph%s?h a attne harmonic-cavity loops are siow compar
e coherent frequencies: coherentinstabilities [3] (aside

and slow feedback controls for the cavity is described, a A : - :

a control system capable of stretching, compressing, co om the equilibrium-phase |n.stab.|I|ty) are not considered.
trolling the cavity phase arbitrarily (within the limits of the Machine parameters are given in table 1.
power amplifier), and operating without beam for use in th

NSLS Vacuum-Ultraviolet (VUV) ring is presented. The%able 1: Values of VUV ring, cavity parameters, and sym-

bols.

last is compared with the existing RF controls for the VUV-" "Beam energy E, | 800 MeV
ring harmonic cavity [1]. Energy loss per turn Up | 20.4 keV
Momentum compactior a | 0.0245
1 INTRODUCTION Revolution frequency | wo/27 | 5.8763 MHz
The sensitivity of the bunch shapes to the RF-system pa- EE ngrzggil::ar?j;bers Z%z g%go kv
1 2

rameters of a Landau cavity has important implications to
the RF controls for the cavity. Small shifts in the bunch’s
potential well shift the bunch centroid by an exaggerated 2 BUNCH SHAPES
amount through changes in the equilibrium bunch distri-
bution. In particular, shifts in the phase of the harmoni@his section considers the sensitivity of stretched bunch
cavity voltage have an amplified effect on the beam phasshapes to cavity phase. Due to the use of a gégvo-
There is negative feedback, when there is beam loading, tential, bunch shapes [4] are sensitive functions of the
sulting from the movement of the bunch centroid. This i©varmonic cavity field—in particular the phase—when the
described in section 2. bunches are optimally stretched. This occurs because the

The original control system for the powered harmoni@quilibrium distribution sloshes in the shallow potential
cavity, the one that is in use now [1], has worked rewell. Furthermore, the shifts of the beam phase and the
markably well with very high beam loading. There arecavity phase are of opposite signs. To see this, if the
three loops—the tuning loop, a loop that levels the forwartlarmonic-cavity phase is shifted so that the harmonic-
power on the transmission line, and a loop that levels theavity voltage lags a small amount, the total voltage is
cavity field by controlling the phase of the forward powershifted downward locally. This shift moves the syn-
The tuning loop controls the phase of the cavity field relachronous phase forward in time to where the main cav-
tive to the forward wave on the transmission line [2]. Théty, having a lower frequency, brings the waveform up. In
crossed level and phase loops work well with substantigthis way the new synchronous phase leads the original syn-
beam loading because of the large detuning of the cavitghronous phase. The amount by which it leads is large
(By crossed loops is meant that the phase detector in onempared to the original phase shift since the RF wave-
loop drives the attenuator and the level detector drives tlierm is locally flat. The degree to which the bunch cen-
phase shifter in the drive to the amplifier.) The shortcomtroid moves depends on the intrinsic energy spread. In fig-
ing of the existing system is that it is not able to vary theire 1 is shown calculated bunches shapes for the VUV ring
phase of the cavity over a sufficiently wide range due tawhen optimally stretched and when the cavity phase has
the polar nature of the RF modulators and the fact that theen shifted by-2°. The bunch phase is shifted by the
cavity tuning is controlled through the incident RF wave orfactor—4.5 times the cavity-phase shift.
the transmission line. For this reason bunch shapes are notrhis phase shift of the beam in response to a perturba-
optimal. tion of the cavity phase, through beam loading, provides

“Emal negative feedback from the beam to the cavity field. This
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3 HARMONIC CAVITY CONTROLS

In this section is discussed the proposed control system for
the harmonic cavity. Several major functions the system is
required to perform are:

06 |
04 |
02 |

stretched-bunch operation,
compressed-bunch operation,
passive operation for injection, and
off-line or low-current operation.

Time (ns)

In stretched-bunch mode the control system must be able
Figure 1: Calculated bunches shapes for the VUV ring control the cavity phase over a substantial range. This
when optimally stretched and when the cavity phase haange is limited by the RF power available.
been shifted by-2°. In the second case the beam phase In figure 2 is shown the complete configuration for the
has shifted+-9° at the harmonic-cavity frequency. control system proposed here. In the figure a complex-
phase modulator (CPM) is used to control the drive to the

amplifier. The reason for this, as discussed in section 2, is

a perturbation of the generator current affecting the phaggat control through cartesian coordinates is more appro-
of the total current is largely cancelled by the shift in the,iate for this problem where the forward-wave amplitude
beam’s contribution to the total current in the cavity. An, 5, the transmission line may be required to go near zero

estimate of the degree to which this cancellation occurs, g into different quadrants of the compleyplane.
the limit that|I,| < |I,| andI, is approximately orthogo-

nal to I, goes as follows. One expresses the perturbation $ < BPH«——

1
in the phase of the cavity voltag& as N =
0¥y = 09y, Q) D1 h?M
~ 0¥, + 0¥y (2)
GSW, + 6y, (3) Tickley
a;
where(G is the phase multiplication factor obtained from Complex- - onic
figure 1 4.5) andd ¥ is a shiftin the phase of the cavity m%r(;if;gr ity
field that would be present in the absence of a shift in the
beam phase. Solving this last equationddr,, we have D2
Tickler,
1
~ ref
0%y = 1-G x vo. “) setpoint

In summary, the shift in the bunch centroid due to pertur-

bations influencing the harmonic-cavity phase reduces suEfpure 2:_Configuration for the harmonic-cavity control

perturbations by the factdy/(1 — G). system. The labels ‘A’ and ‘P’ represent switch positions

A consequence of this result is that much larger swing@' active and passive operating modes respectively and S’
of amplifier power are required to vary the cavity phase 41d 'C’ represent switch positions for stretched and com-
given amount than if there were no shift in the beam phasB€SSed operating modes. The ticker inputs are intended for
In fact, one would like that the forward-wave amplitude orf/12gnostic use only. The active/passive switch marked with
the transmission line be able to pass through zero to diffel® asterisk selects a lower loop gain for the passive mode.

ent quadrants of the forward-wave plane. This is inconsis-
tent with features of the existing control system.

Therefore, conclusions to be carried to the next secti
are that:

For the level regulation of the cavity ordinary envelop

detection is used to sense the cavity voltage and provide

Yedback tau,. (the real part ofi; the nominal beam phase

provides the phase reference so thais in-phase with the

e control of the Cavity tuning using the difference bebeam Whll&tz isin quadra.ture with the beam); phase detec-
tween phases of the cavity and the forward wave ofion is through a mixer and the phase of the beam is used to
the transmission line is not adequate and generate the phase error instead of the phase of the cavity.

e a vector modulator must be used in place of a phagg'ere are two reasons for doing this. The first is that the

shifter/attenuator combination for the control of thePunch-phase factdr provides additional gain compensat-
drive to the power amplifier. ing thel/(1 — G) factor of equation 4. The second is that

the beam phase is the quantity that needs to be regulated; it
Both conclusions are necessitated by the fact that thigthe most appropriate diagnostic for maintaining optimal
forward-wave amplitude must be able to go through zerobunch stretching.
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Cavity detuning is handled differently than in the usuative operation for both stretched and compressed modes.
method of detuning for beam-loading compensation [Sfrbitrary cavity phases can be maintained, within the limit
where the tuning error signal is derived from the phase b&f available RF power, and cavity tuning does not require
tween the cavity field and the forward wave on the tranaise of the forward wave on the transmission line. Beam
mission linerg V/a. The latter method is not applicable phase has the best potential for maintaining optimal bunch-
here because it is required that tuning control operate whémy and is used for phase-loop feedback in stretched mode;
the forward wave is zero. To resolve this problem the turin compressed mode the cavity phase is used. The cross-
ing block of figure 2 is required to move the cavity resonamtoupled amplitude and phase control loops present in the
frequency upwards for a given sign @f and limit the de- existing control system are retained.
tuning to the high side of the RF frequency. In this way the Perturbations of the cavity phase are reduced by negative
modulation amplitude:,. is kept at zero, even whan is  feedback provided by the beam sloshing in a flat potential
small. well. The implications of this fact on the cavity control

When using the harmonic cavity to compress the bunchystem are explored.
the phase of the cavity is reversed so that the slope of theThe control system described here is far from optimal in
RF wave at the phase of the bunch is increased. This is filne context of what the formalism of optimal-control theory
contrast to the stretched-bunch mode where the harmoriffers to the control of RF systems [6]. Optimal control
cavity cancels the slope in the RF wave generated by titleeory requires, when there is beam loading, that a realistic
main cavity. There are two main differences in the lowmodel of the beam be available or nonsensical results are
level controls between these two modes. The first is that ttadtained. Unfortunately, theoretical models of the behavior
cavity phase is used as feedback instead of the beam phastretched beams are not available and one must rely on
because the gain advantage of beam feedback in stretchiee use of empirically constructed models. Development of
operation is not present in compressed operation. The otlgrch empirical models is a challenge and is a longer-term
difference is that the tuning control is required to move thgrospect at NSLS.
resonant frequency in the opposite direction—to the low
side of the RF frequency—and to confine it there. Frie 5 REFERENCES
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The transition from passive to active operation occurs
as follows. After the ring is filled and ramped and the
harmonic-cavity control systems is switched to active, there
is a jump in the operating point of the CPM that brings the
cavity phase to the optimum for stretching (when stretch-
ing). In this state:; jJumps to a new value ang. becomes
nonzero. In response to the latter condition the cavity tun-
ing shifts to bringa,. to zero. When this is completed the
CPM is at its normal active operating levels.

Off-line operation with cavity voltage leveled is not ac-
commodated explicitly in figure 2 and is accomplished by
fixing the detuning of the cavity. The level-regulating loop
controlling a, provides the drive to the CPM. Open-loop
operation requires opening the level-regulating loop and
applying a bias to terminal M or one of the ‘tickler’ inputs.

4 CONCLUSIONS

This control system described here, intended to be slow
compared to the coherent motion, provides passive and ac-
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