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Abstract

The Fermilab Main Ring has a stronigansverse
instability identified as aresistive waft . Previous
methods of dealingvith this problem have primarily
been to find settings of tune, chromaticity, and
octupole that result in stable operation. Controlling
this instability in thismanner hadadlimited success
and reducebeam lifetime. A newdampersystem has
been installed in the Main Ring to controhis
instability. This dampeeffectively provides a negative
impedance to the accelerator to caribeleffects of the
resistive wall. With thisdamper inoperation wehave
been able to adjust the tune, chromaticéyd octupole
settings to improve beasfficiency without becoming
unstable due to the resistive wall of the accelerator.

INTRODUCTION

The transverse modesommonly referred to as the
resistive wall, instability have previouslybeen
observed and measured the Main Ringl. When
running intensities above about 1 E13 in thachine

it becomes necessary to make adjustments in the
chromaticityand octupole circuitsawayfrom nominal
settings to stabilize the beam. If adjustmeants not
made, the resistive wall wibecamestrong enough to
cause growth in the betatron oscillations until the beam
hits the acceleratorwall and is lost (fig 1 and 2).
Notice that the growttrate in the vertical plane is
significantly greaterthan that in the horizontal. This
difference is due tahe geometry of theectangular
beam pipe. In the Main Ring, oraverage, the
horizontal aperture isabout 2.7 times that of the
vertical. Since the magnetifield producedfrom the
wall currents changes d$r2, where r isthe distance
from the beam to the beam pipe, it diear that the
kick the beamreceiveswill be much stronger in the
vertical plane than it is in the horizontal. In the past
thereweretwo different dampersystems builtfor the
Main Ring. Thesesystemsarereferred to ashe Slow
dampersand the Superdamper.The Slow dampers
operate in both planes and have bandwidth to damp first
40 modes. The supelamperoperates inthe vertical
plane onlyand can dampall 1113 modes. The main
reason the slow dampers do not damp the resistive wall
is that they are saturated by the revoluti@guency of

the beam. Thesdampers dmot have any cancellation

of the revolutionfrequency, orharmonics,and as a
result are sensitive to the position of the beam through
the beam positiordetector. The Superdamper was
built for the vertical plandecausdhe resistive wall is

so much stronger. Thidamperhas the same problem
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with the revolution frequency as the Slaampers but
has morebandwidth towork on a bunch bybunch
basis. This Super daer does provide some damping
for the resistive wall but it turns out that toeerall
gain of the system may not be high enowid the
result is that thisdamper isnot sufficient for the
resistive wall at high intensities. The horizorpéne
was not addressedbecause itwas thought that the
resistive wall would not be an issue. As improvements
to the upstream machines occurred, the beam emittance
in all planes improved and the intensity threshold of the
instability became lower. Consequently, the horizontal
plane became the limiting factor on the intengigfore

the new dampers were implemented.
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Fig 1. Turn by turn data from a BPMshowing growth in
horizontal betatroramplitudedue toresistive wall. 1024
turns are displayed.
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Fig 2.Turn by turn data from a BPMshowing growth in
vertical betatron amplitude due to resistive wall. 5@ehs
are displayed.

NEW DAMPER SYSTEM

The damper system consists of 4 beam position
detectors, two foreachplane, two kickers, lowevel
electronics, and high level electronics. Thebeam
position signalsare detected athe RF frequency and
down converted bymixing with the low level RF
signal (LLRF). This process creates a phase
synchronization problem betweehe LLRF and the
beam due to the locations of the LLRRdthe damper

system§. These two systemare separated bgbout 2

Km and the frequency shift during acceleration is about
291 khz.

The number of wavelengths that occur acrtbes 2

Km distance changes dke LLRF frequencysweeps.
This effect needs to be compensatedoider for the
damper toremain in phase with the beam. This
compensation isccomplishedwith a phaseunwinder
and a phase lockddop. The phasenwindermonitors

the LLRF frequency andnakes course adjustments to
the LLRF phase. The phatakedloop compares the
phase of the beamndthe phase of the LLRF signal
andmakes fine adjustments to the phase ofthBF
signal. Together these two phase corrections provide a
stable, beam synchronous, LLRF signal for the damper
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Fig 3. Block diagram of the damper system. M:1-QPE is the ptwsection of the phadeckedloop. MHD1-QE
and MVD1-QE are horizontal and vertical corrections applied to the kickers. M:HD1ad MVD1-Q are ramp
generators which control the gain of the damper during the machine cycle.

system. This LLRF signal is sent through a series of
delay elements which correct for cable length differences
between detectordhe next stage of thdamper is the
down conversion section. In this section ttiference
signals from the beardetectors are mixedavith the
phase corrected LLRF signals. The reason this
conversion isnecessary is becauiee response of the
beam detector is much greater at the fRIguency. The
down convertedbeam signal is then sent through a
series of filters to isolate the componehte to the
resistive wall instability. Thefrequency components
induced on the beam from the resistive wall below the
first revolution frequency arew[1-f(v)] and w[f (V)]
.Wherew is the revolutionfrequency and () is the

fractional tuné?. In the Main Ring the revolution
frequency is 47 khz and the induced frequencies from the
resistive wall are about 19and 28 khz. There are
actually three sections to these active filtershigh
pass filter to eliminate the lodWequencysignalssuch

as the synchrotrorfrequency, alow pass filter to
eliminate the higheprder modesand asharp notch
filter at the revolution frequency. These filten® tuned
such that the phase shift i§ & Rey/ 2. The filters

are set in this manner is to provide an integer
revolution period delay. Together these filters select the
signal necessary to corre¢he instability from the
resistive wall. In an ideal situation omeould have one
beam pickup with 90 of phaseadvancebetween the
pickup andthe kicker. A positionerror atthe pickup
would then be an angle correction at the kicker. Since
ideal situations rarely exist in practice, two pickups are
used with the signals summed to give the Kkick
correction. The filtered signals are sent throwghable
attenuatorsand then summed together. This type of
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system is sensitive to the tune of the machine and these
attenuatorsieed to beadjusted if a differenbperating
point is desired. After these signalsre summed, they
are up converted to the Rfequency ofthe accelerator.
The gain of thedamper iscontrolled by changing the
level of the RF signal. Thiundamental RHrequency

is suppressefrom this modulatedsignal leaving the
two sidebands to be passedtt® high level for final
amplification. The high level final is #&road band
solid state amplifier. This amplifier has tmndpass
from 22 to 94 mhzand apower output of 1.6 Kw.
There are two of these amplifiers for each plane, one for
each plate. They are driven I8t of phase witteach
other to provide the voltage at the kicker plates to
deflect the beam. Diagnostics &id in tuning thegain

for optimal performance arealso provided by this
damper.The summed signals from ttdamper are fed
into the accelerator control system and provide
information as to the amplitude of thdeam
oscillations induced by the resistive wall.

MEASUREMENTS AND PERFORMANCE

Since the damper system provides a measurement of the
strength of the resistive wall instability, it is a
convenient way to measure the growth rate. By turning
off all the dampers inthe Main Ringand setting the
chromaticity more positive at 8 Gev, it is easy to
inducethis instability. Figure 4 is aexample ofthis
situation.

Repeating this measurement for the horizompiahe
and fitting to an exponential function will give a rough
idea of the growth rates of the instabilities. In tbése
the growth rategameout to be 130/sec vertically and

23/sec horizontal@l The response of the dper's
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Fig. 4 Shows the growthate of the instability in the
vertical plane. Displayed ithe beamcurrent and the
errorsignals from bothdamperplanes. bottontrace is
vertical error, center trace tsam current, toprace is
horz error.

filters could effectthis measurement. When analyzing
the turn by turn data from fig. 2, the actual growate
appears to be larger. Measurements of the damptag
can be found byneasuring the open loop gain of the
dampersystemand measuring therequency spread of
the betatron signal. This measurement giveamaping
rate of about 10 turns arpends orthe chromaticity.
Another way to look at thdamping rate is tdook at
the injection oscillations on the BPM turn by turn fig.
5.
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Fig. 5 injection oscillations and damping. 1024 points.

With this type of measurement it is difficult to obtain a
valid number for the damping rate becatise damper
system saturates with varymall oscillations. This
saturation causes linear damping until the oscillations
becomesmall enough for thedamper toget out of
saturation.
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Fig.6 Multibatch injected beam. The tviaces show
the efficiency difference with the damper on aiffl In
both caseghe acceleratowas adjustedfor maximum
efficiency while avoiding the resistive wall instability.

CONCLUSION

The overall effectiveness of this damper system can be
seen from fig. 6. Without the daer system it is
necessary to introduce largghromaticities into the
beam in order to avoithe resistive wall. Thigrocess
causes the beam lifetime to suffer which resultgaar
efficiency. Whenthis danper is inuse, thempedance
from the acceleratowall is effectively canceled. With
this instability under control, adjustments to tune,
chromaticity, and octupole can be made to optimize the
efficiency of the accelerator.

With this damper inoperation we have been able to
obtain an intensity of 2.81 E13 ppp. Withothis
damper it would have been difficult teach 2E13ppp.

In the era of the Main Injector, ttdampersystemwill

be modified to operat®ver many modes. Fothis
modification to work effectively, electroniagill have

to effectively cancel the revolution frequency.
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