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Abstract

We describe in this paper the Tevatron transverse
dampers. The goal of these dampers is to keep the beam
stable when we operate at lower chromaticities. The rea-
son for operating at lower chromaticitiesis to improve the
beam lifetime. However, the beam becomesunstable at low
chromaticies and thus dampers are required. Also included
in this paper are the damper commissioning notes and their
real-life performance.

INTRODUCTION

The motivation for building transverse dampers for the
Tevatron is to improve the lifetime of the proton and pbar
beam on their helices during pbar injection. Previous stud-
iesby Y. Alexahin et al [2] , showed that when octupoles
were used to stabilize the beam, and chromaticities low-
ered, the lifetime of the beam of both species on the helix
isimproved. However, dueto great difficultiesin using oc-
tupoles in operations because of drifts in tunes, coupling
and chromaticities at 150 GeV, this method was abandoned
from use in operations. Therefore, when it was decided to
resurrect the idea of lowering the chromaticity to improve
beam lifetimes, we had to come up with some other way
of keeping the beam stable and transversely damping the
beam immediately came to mind.

The ideabehind lowering the chromaticity ¢ comesfrom
the simple observation that the tune spread AQ is related
to the energy spread dp/p by

AQ = &dp/p 1)

Thus, if the chromaticity islowered, AQ issmaller and the
beam will occupy a smaller footprint in the tune plane. A
smaller footprint means that the beam will enclose fewer
resonances which means that less beam will be lost and
thus the lifetime is improved. However, there is a com-
peting mechanism which throws a spanner into this. As
long as there is a non-zero transverse impedance, the beam
naturally becomes more unstable when the tune spread be-
comes smaller because Landau damping becomes weaker.
Stability is determined by the Keil-Schnell stability criteria
which is given by

[(Awg)con| ~(Awy)rwnm F 2

where (Awg)con 1S the coherent betatron tune shift which
comes from the transverse impedance, (Aw,)awunwMm iSthe
betatron tune spread measured at half-width half-max and
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F isthe form factor depending on distribution. F = 1/+/3
for an eliptic distribution. Thistells usthat when welower
the chromaticity, which decreases (Aw,)uwmm, a some
point |(Awg)con| becomes larger than the rhs of (2), and
the beam becomes unstable. Therefore, in order to keep the
beam stable when we lower the chromaticity, we have to
have a stabilization mechanism and in this case we choose
to use active transverse damping.

In practice, for (36 x 36) bunch high energy physics op-
erations after August of 2002, with both the horizontal and
vertical dampers in service, the chromaticities of the hor-
izontal plane is lowered by 6 units and the vertica plane
by 4 units from their nominals which is about 8 for both
planes on the central orbit and about 12 unitsfor horizontal
and 8 unitsfor the vertical on the proton helix.

SETUP

In this section, we will go through each part of our setup
used for our bunch by bunch transverse dampers and show
that the open loop response < 1. Figure 1 is a block dia
gram of the setup. The damper system starts at the stripline
pickups working in difference mode. A transverse kicker
is installed at a position in the Tevatron so that it has a
phase advance of of an odd multiple of =/2 w.r.t. pickup
after 1 turn. In order to improve the dynamic range of the
damper system, a method developed by McGinnis called
the autozero circuit shown in Figure 2, is used to virtually
centre the beam in the pickup. This signal is mixed down
with the Tevatron RF and low pass filtered to produce a
transverse position error signal. The error signal is pro-
cessed with electronics which perform the following:

Autozero Circuit

The autozero circuit was developed by D. McGinnis to
improve the dynamic range of the damper system. If the
closed orbit of the beam is not in the electrical centre of
the striplines in Figure 2, then clearly the induced voltage
on the top plate is not equal to the voltage on the bottom
plate. However, by changing the value of the attenuator
connected on the bottom plate, we can make the induced
voltages equal. Thus, the beam is now virtually centred
in the stripline pickup and the dynamic range is immedi-
ately improved because we have essentially removed the
DC component of the error signal, i.e. we can have much
more gain downstream without saturating the amplifiers
due to the DC component.
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Figure 1: Thisisablock diagram which shows the overall
setup of the transverse damper system. Note that the sig-
na of the bunch which is detected at the stripline pickup
is applied approximately one turn later to the same bunch
at the stripline kicker. Each block is expanded further in
Figures 2
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Figure 2: This figure shows the block diagram of the au-
tozero circuit.

Digital Notch Filter

Thedigital notch filter consists of two digital delay lines
when summed together produces notches at the revolution
harmonics. Its responseis given by

Rnotch(w) =1- eiiWNT (3)

where T is the revolution period and N is the number of
revolution periodsin the delay.

Uniform Triggers

In order for the digital delays to work they have to
be triggered. The triggers which we use are uniform in
time and they trigger in places even when the beam is not
present. The reason will become apparent later in the dis-
cussion. At present, in Tevatron operation, there are three
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Figure 3: Thedigital notch filter.

trains of 12 bunches each. In each train, the bunches are
spaced 21 buckets apart. The spaces between the trains are
the abort gaps and they take up 140 buckets each.

Noticethat all bucket spacingsare divisibleby 7. There-
fore, if we have triggerswhich are spaced exactly 7 buckets
apart, the digital delayswill sample all the bunches as well
asaot of empty space. Thereason for having moretriggers
than necessary is to allow us to use reasonable cable de-
laysto fine tune the system delay to ensure that the correct
buckets are kicked. In the worst case scenario for thistrig-
ger pattern, the cable length will be 7 buckets/2 ~ 70 ns
for correctly hitting the right bucket. While for triggers
where there are bunches only, the worst case scenario will
be 140 buckets/2 ~ 1.3 us of cable! (Recal that 1 nsis
about 1 foot of cable.)

RESULTS

We measured the open |oop response of the damper sys-
tem by breaking the loop as shown in Figure 4. The Teva
tron isfilled with 36 bunches of protonsin the pattern dis-
cussed in UniformTriggers. After weaddin 17 usof delay,
the frequency response becomes nice and symmetric about
half the revolution frequency f,./2 as shown in Figure 5

Figure 4: Theloop is broken just downstream w.r.t. mixer
and avector signal analyzer (VSA) is connected there.

Closing the Loop

Finaly, we can close the loop and damp. We injected
36 bunches into the Tevatron and sat at 150 GeV for this
set of experiments. Figure 6 shows the effect of closing the
loop. Thered curveisthe noise spectrum measured at A of



Proceedings of the 2003 Particle Accelerator Conference

Real Part of Response with 17.s added

(b)

0.008

0.006

0.004

0.002

0.0

Real Part of Response

-0.002

~0.004
18

20 22 24 26
Frequency (kHz)

Figure 5: This graph shows real part of the response after
adding 17 ps to the digital delay. To get the real part of
the response to be negative, we have to multiply by —1 in
the electronics. We have superimposed three graphs on top
of each other by shifting the frequency of mode 9 by —9f .
and mode 24 by —24f,..

Figure 1 with the power amplifier off. The power amplifier
isturned on, thus closing the loop, and we seethat thereisa
suppression at the horizonta tune sidebands of about 6 dB
(the purple curve). The noise floor is increased by about
2 dB inthe middle of the spectrum. The closed loop gain of
the damper is 6 dB at the horizontal tune. The full width at
half min (fwhm) of the absorption line gives the damping
time of the damper for the 361.6 kHz tune line which is
0.55 ms =z 26 turnsin the Tevatron.
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Figure 6: The suppression of the horizontal tune sidebands
(purple curve) when the loop is closed compared to the red
curvewhen it is open.

Operations

In operations, we lower the horizontal chromaticity by
about 6 units and vertical chromaticity by about 4 units
from their nominals of 8 units for both planes on the cen-
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tral orbit and 12 units for the horizontal and 8 units for the
vertical on the proton helix. For store #1868 shown in
Figure 7 which had the horizontal chromaticity lowered by
5 units and vertical lowered by 2 units, the effect of the
lower chromaticity is dramatic. Before the dampers are
turned on, beam lifetime T:IBEAM (total beam current)
and C:FBIPNG (proton beam current) is poor. The 1/e
time is about 1 hr for C:FBIPNG at this time. When the
dampers are turned on for pbar injection and chromatic-
ities lowered, we see that the C:FBIPNG 1/e¢ lifetime is
improved by a factor of 3 to 3 hr. At the completion of
pbar injection, just before we ramp, the dampers are turned
off and chromaticities restored to nominal. Again, we see
that the T:IBEAM and C:FBIPNG lifetime reverts back to
being poor again.
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Figure 7: This plot showsthe damper in action. Total beam
current is T:IBEAM (the sawtooth shape comes from pbars
being injected). C:FBIANG showstheincreasein pbar cur-
rent as they are being injected. C:FBIPNG is the proton
beam current only. T:SHPWR and T:SVPWR are the hori-
zontal and vertical Schottky powers which rise up by about
30 dB when the dampers are turned on.

CONCLUSION

The transverse dampers have been used in high energy
physics operations and enough data have been gathered to
show that the dampers do no harm to the protons or pbars
at 150 GeV. With low chromaticity the lifetime of the pbars
is aways improved, although the proton lifetime is im-
proved some of the time on the helix. Thus the value of
the dampersfor high energy operationsis mainly for keep-
ing pbarsin the Tevatron during injection.
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