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Project Overview

The injection/extraction kicker systems for damping rings in both the NLC and TESLA
linear collider designs pose interesting challenges of speed, stability, and reproducibility.

The NLC damping ring design presently requires kickers with rise/fall times of ~60 ns,
and “flat top” fields which are stable for ~270 nsin order to inject, and then extract, a
train of 192 bunches from the main damping ring. The entire train will orbit inside the
damping ring with the same 1.4 ns bunch spacing as when the train travels down the NLC
linac.

The 2820 bunches of a TESLA pulse would require an unacceptably large damping ring
if the 337 nslinac bunch spacing were used in the damping ring. As aresult, the TESLA
500 GeV design callsfor 20 ns bunch separation in a 17 km circumference damping ring;
afast kicker will deflect individual bunches on injection or extraction, leaving the orbits
of adjacent bunchesin the damping ring undisturbed. A number of the kicker designs
which have been considered involve the creation of individual magnetic field pul ses of
sufficiently short duration so that only one bunch isinfluenced by a pulse. The demands
of short rise/fall times and pulse-to-pulse stability are challenging. A system capable of
generating shorter pulses would allow the construction of a smaller damping ring.


mailto:g-gollin@uiuc.edu
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In collaboration with the UCL C proposed effort “Investigation and prototyping of fast
kicker options for the TESLA damping rings’ we will investigate the feasibility of novel
designs for damping ring kicker systems. There are interesting possibilities to consider!

One of the more interesting ideas concerns the use of alow energy beam to gject bunches
in the higher energy beam from the damping ring, and we plan to participate in studies of
thisideawith our UCLC colleagues, who are listed as collaborators in this subproposal.
(See their proposal for references.)

It isalso interesting to consider adifferent design in which the pulsed kicker is replaced
by a set of rf cavities whose amplitudes, frequencies, and phases correspond to the
Fourier components of a periodic, narrow pulse. Instead of energizing the system only
when a bunch was about to be injected (or extracted) to the damping ring, the cavities
would run continuously. Thiswould allow their frequencies, phases, and relative
amplitudes to be determined with great precision. With a properly chosen set of
parameters, the system would kick every M™ bunch in atrain, leaving undisturbed the
train’s other (M - 1) bunches. Injection (or extraction) of an entire bunch train would be
completed by the end of the M™ orbit through the system.

General discussion of a Fourier-serieskicker system

A Fourier-series kicker system could beinstalled in a bypass section of the damping ring,
as shown schematically in Figure 1. During injection, a deflector system would route the
beam through the bypass. Once injection was completed, each deflector could be turned
off during the passage of a gap between the last and first bunches in the orbiting train.
The train would then orbit in the damping ring, bypassing the kicker. At extraction, the
deflectors would be energized again, routing the beam through the kicker for extraction.

How many Fourier components would be required to synthesize a kicker pulse? The
required kicker field integral is[1] 100 Gauss-meters with an accuracy of 0.07 Gauss-
meters. The kicker’sresidual field integral when “off” should be less than 0.07 Gauss-
meters. An idealized kicker pulse train of pulses with width & and period T is shown in
Figure 2. Since thetrain is an even function of time, its Fourier expansion is

J. Bdl = iﬂ cos(kagt); @, _2z
k=0 T

kicker
length

Naturally, the values of the coefficients Ax depend on the pul se shape, but components
with periods that are long compared to the pulse width owill appear with coefficients that
are approximately equal. The magnitude of coefficients A, for high frequency
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Figure 1. Schematic diagram of adamping ring using an rf cavity kicker system located in a bypass section.
Injection/extraction deflectors are off during damping, allowing the beam to pass through the dashed-line
section of the ring. Deflectors are energized during the passage of a gap between the last and first bunches
in the train for injection and extraction, routing the beam through the kicker. An aternative layout would
place the bypass holding the deflectors and kicker in along straight section.

components will decrease with increasing k. For atrain of Gaussian pulses, where 5is
the rms pulse width, the Fourier expansion is[2]

[ Bdl=1+ Zi & )2 cos(kagt)
k=1

kicker
length

A single pulse el o2 will drop below .07% for t > 3.816 . For example, to accommodate
damping ring and linac bunch spacings of 10 ns and 337 ns respectively, the pulses would
need rms widths below 2.62 ns. (This bunch spacing would allow the construction of
damping rings with circumference 8.5 km, half that of the present design.)

|\ A\
A P P

Figure 2. Idealized kicker pulse train. Each pulse has width 6. The pulse repesat period is T.

kicker field integral

The magnitude of the Fourier coefficients A = g (kow)'/2 dropsto .01% when k=23, s0a

kicker system of this sort would require the construction of a set of approximately two dozen
cavities. It is possible that controlling the relative amplitudes in the cavities so that the proper
Fourier sum is obtained would pose a difficult technical challenge.
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This naive approach—that the kicker fields should be close to zero at al times except
when a bunch is about to be kicked—places demands on the kicker system that are
unnecessary. Since the arrival time of bunches at the kicker is precisely known, we can
consider an alternative approach in which the sum of Fourier components generates a
field integral which is zero as a bunch passes through the kicker, but can be non-zero at
other times. TESLA bunch lengths are 6mm in the damping ring, both at injection and
extraction. [1] Aslong asthe change in the field integral is small during the 20 pstime
interval between the arrival of the head and tail of abunch at a cavity center, the effects
of ripple when the cavities are empty should be unimportant.

L et us analyze the properties of akicker made from N cavities tuned to oscillate with
identical amplitudes, and at frequencies which are integer multiples of 2.97 MHz

(/337 ns). To ssimplify calculation, we will assume that a constant impulse, with half the
strength of the individual cavity amplitudes, is applied to bunches just before they enter
the kicker cavities. The summed field integral is

1 _ o
j Bdl = A{E+kz_1:cos( ka)ot)}, @)=

kicker
length

This can be evaluated [3] analytically:

AB+icos(ka)ot)} =A SinKN +;)w0t} :

= 2sin(w,t/2)

Two notable features about this expression are that its zeroes are evenly spaced, and that
it has apeak of height N + % (instead of a zero) whenever its denominator is zero. The
even spacing of its zeroes makes this an interesting candidate for a kicker system.

A graph of thefield integral for A = 6.5 Gauss-meters and N = 16 isshown in Figure 3.
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Figure 3. Field integral (Gauss-meters) vs. time (ns) in a 16-element
system. Bunches 1 and 34 are kicked, while damping ring bunches 2
through 33 pass through the kicker during the zeroes of the field integral.

There are 2N zeroes between the peaks at 0 ns and 337 ns. If a bunch passed through the
kicker during each of its zeroes, as well as during its kicking pulse this would correspond
to areduction in damping ring bunch spacing relative to linac bunch spacing by afactor
of 2N + 1. For N = 16, this would decrease the required damping ring circumference by a
factor of two relative to the size specified in the TESLA Technical Design Report. [1]

The time derivative of the summed field integral is shown in Figure 4. The derivative's
value at a zero crossing of thefield integral is

d Ao

—|Bdl =+(N+3)———>—;

oltj (N+3) 2sin(oyt/2)

as can be seen in the figure, the derivative switches sign at successive zeroesin the field
integral and is largest for the zero crossing closest to the pulse which kicks a bunch.

The 6 mm rms bunch width in the damping ring corresponds to a flight time of 20 ps. A
slope at a zero crossing in the field integral of 2 Gauss-meters/ns would produce a kick
error of 0.04 Gauss-meters, somewhat smaller than the tolerance of 0.07 Gauss-meters.
However, the number of passes a bunch makes through the kicker system ranges from 1
(for abunch which is kicked immediately) to 2N + 1 (for a bunch which is kicked during
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the train’slast orbit through the kicker system). As aresult, an analysis of the effects
associated with finite bunch length will need to take into account the cumulative effects
of multiple passes through the kicker and the synchrotron oscillations of an electron (or
positron) in the direction of motion of the bunch as the train travels through the damping
ring. Thiswill be discussed below.

Derivative of field integral (gauss-m/nsec)
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Figure 4. Time derivative of field integral (Gauss-meters per ns) vs. time
(ns) in a 16-element system.

Mode of operation during extraction

Imagine that 2820 bunches have been orbiting in the damping ring with an interval of

_ 337
T 2N+1

ns

between bunches. The circumference of thering is chosen to be greater than the length of
the train so that a gap of duration T, = Ax{(ZN +1)—mod| 2820,(2N +1)]} + 2NA

exists between the tail and head of the train asit orbits in the damping ring.



For N = 16, this odd-looking formula gives Tgsp = 50A so that the time for a bunch to
make one complete orbit is (2820 +50)A = 2870A.

Note that
337

N+1

=87x337-A

2870A = 2870x >

for our 16-cavity system so that the period for one orbit is A nanoseconds |ess than 87
times the linac bunch spacing (and kicker pulse period) of 337 ns.

When it istime to extract the train from the damping ring, each deflecting magnet is
energized as the gap in the bunch train passes through it, and remains on for the duration
of the extraction cycle. Since the gap is 510 nslong in the example under consideration,
the technical issues associated with switching speed and stability for the deflecting
magnets could be less problematic than those for afast, pulsed kicker.

The path for the beam during the extraction cycleis shown in Figure 5.

_ kicker rf cavities
extraction path

v
N :

extraction septum \/

injection/extraction
deflecting magnets

injection septum /\

Figure 5. Beam path during extraction. Bunches are extracted during major peaksin the kicker field
integral every 337 ns. Orbit period is chosen so that not-to-be-extracted bunches pass through the kicker
during zeroesin itsfield integral. Deflecting magnets are energized during passage of the gap between the
last and first bunchesin the train immediately before beginning to extract the beam.

Let’s assume that the circumference of the new orbit (which routes the beam through the
kicker) is held to be the same as that of the old orbit. If the kicker cavities are phased
properly, every (2N + 1) bunch will be ejected during the first orbit, starting with the
first bunch to enter the kicker. After gecting bunches 1, 34, 67, ..., 2806, the next kicker
pulse (its 87™) will “fire” while the tail-to-head gap passes through the kicker.

The holein thetrain left by the g ection of the very first bunch will arrive back at the
kicker A ns before the next kicker pulse so that bunch 2 will be inside the kicker when its
88" pulse fires. As aresult, as the head of the train beginsits second orbit the kicker will
gect bunches 2, 35, 68, ..., 2807 before encountering the tail-to-head gap. Bunches 3,
36, 69, ..., 2808 are gected during the third orbit and so forth. During the fifteenth orbit
bunches 15, 48, 101, ..., 2820 are gected.



Beginning with the 16™ orbit the kicker only ejects 85 bunches, then fires twice during
passage of the gap. On the 33" orbit bunches 33, 66, 99, ..., 2805 are gjected, leaving the
damping ring empty.

This extraction scheme delivers a pulse train to the linac with periodic holes: there are 15

“cells’” of 86 bunches, with an empty spot at the end of each cell, followed by 18 cells of
85 bunches with apair of empty spots at the end of each cell.

M odes of operation during injection and damping

Injection of beam into the damping ring is rather like atime-reversed version of
extraction and isillustrated in Figure 6.

kicker rf cavities

——————— N :

extraction septum \/

injection/extraction
deflecting magnets

injection septum /\

injection path
Figure 6. Beam path during injection. Bunches are injected during major peaks in the kicker field integral

every 337 ns. Orbit period is chosen so that previously-injected bunches pass through the kicker during
zeroesin itsfield integral. Deflecting magnets are energized for injection.

Bunches arrive every 337 ns, with the same structure produced at extraction: 15 “cells”
containing 86 bunches and one hole, followed by 18 cells each containing 85 bunches
and two holes. As before, the first 86 bunches to enter the damping ring land in positions
1, 34,67, ..., 2806 inside the ring. Asit begins its second orbit, bunch 1 passes through
the kicker A ns before the arrival of a new bunch which will be kicked on-orbit. This new
bunch becomes the second bunch in the train. Successive bunches arrive at the kicker
during major peaksin itstotal field integral; after 33 orbits all bunches have been injected
so that there are 2820 consecutive bunches in the ring, with a gap between the train’s last
and first bunches. The deflector magnets are deenergized during passage of the gap,
allowing the all of the bunches to orbit in the damping ring without passing through the
kicker, asshownin Figure 7.
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Figure 7. Beam path during damping. Deflecting magnets are de-excited after injection during the passage
of asuitably long gap between the last and first bunchesin thetrain asit orbits inside the ring.

Effect of finite separation of the kicker cavities along the beam direction

Because individual cavitiesin an N-cavity system would deliver their impulses at
different points along the beam’ s path, a bunch will tend to be displaced from its original
path, even if its direction of travel remains unchanged when the sum of impulsesis zero.
Since the transverse momentum imparted by a 1 Gauss-meter field integral is 0.03
MeV/c, the 5 GeV/c TESLA damping ring beam will be turned through 6 urad per
Gauss-meter of kick. Each of the 6.5 Gauss-meter cavities used to produce the curvein
Figure 3 is capable of deflecting the beam by 36.5 prad per meter of travel.

The paths through the kicker of the 32 bunches which immediately follow the g ected
bunch are shown in Figure 8. The 16 cavities are assumed to be placed at 50 cm
intervals, and ordered from lowest to highest frequency in the direction of the beam. This
may not be a particularly intelligent arrangement of frequencies, since adjacent cavities
tend to be fairly closein phase, but it is easy to describe, and makes the problem
especially apparent in the path of the bunch which enters the kicker immediately after the
kicked bunch. Asisevident in the figure, the first and last bunches of this group of 32
leave the kicker with alateral displacement of approximately 180 um. Other orderings of
rf cavity frequencies produce different patterns of displacements among the bunches.

Thereis astraightforward resolution to this problem. A second set of rf cavitiesinstalled
immediately downstream of the first set, kicking in the same direction as the first set, but
with the order of frequencies reversed, will cancel the displacement introduced by the
first set, while doubling the impulse imparted to the kicked bunch. Thisis shown in
Figure 9. In the figure, the time-independent components of the kick (represented by the
2 before the Fourier sum several pages earlier) are applied at the same z positions as the
locations of the lowest-frequency cavities.
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trajectories in Kicker
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Figure 8. Electron trajectories through the kicker. The 16 kicker elements are spaced 0.5
meters apart. Trajectories are shown only for bunches which are not kicked . The bunches
immediately before and after the kicked bunch are displaced the most, in spite of their
exit from the kicker with no momentum transverse to the beam direction. Scales for the x
and y axes are meters and microns, respectively.

trajectories in mirror-symmetric kicker
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Figure 9. Electron trajectories through a mirror-symmetric kicker. The first 16 kicker
elements are ordered from lowest to highest frequency, while the last 16 areinstalled in
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reverse order, from highest to lowest frequency. Note that the two halves of the kicker
apply an impulse to kicked bunches in the same direction.

Arrival timeerror at thekicker for a bunch that isbeing injected or extracted

The field integral pulse which gects a bunch is parabolic near its peak. In the example we
have been discussing, the kicking pulse is well-fit by the function

.[Bdl = (104-1.2t*) Gauss-meters

wheret isin nanoseconds. As aresult, an error in arrival time of 0.1 nswould only
change the impulse by approximately 0.01 Gauss-meters. The impulse error which
corresponds to the 20 ps TESLA bunch length is 25 times smaller than this; the
maximum allowable error in the kicker’ sfield integral is 0.07 Gauss-meters. To an
accuracy better than isrequired, electrons in a bunch are kicked with an impulse which is
independent of longitudinal position in the bunch.

On the matter of instabilities

Since afraction of the bunches are extracted at the beginning of each orbit, the current in
the damping ring changes between orbits. In addition, in an N-frequency kicker system a
bunch makes at most 2N orbits before being extracted. As aresult, it is conceivable that
instabilities associated with the presence of the kicker will not grow sufficiently quickly
to pose a problem during injection/extraction. Thisis a question for detailed
investigation.

Finite bunch length effectswhen the kicker field integral iszero

When the center of a bunch passes through the kicker system at atime when the kicker’' sfield integral is
zero, the head and tail of the bunch will, in general, experience non-zero impulsesin opposite directions
due to the small differencesin arrival time at the kicker along the length of the bunch. The extent to which
this occurs depends on how rapidly the kicker field integral is changing as the bunch passes through. The
graph of thefield integral’ s time derivative shown in Figure 4 is dightly misleading since the largest peaks
in the first derivative do not occur exactly at the field integral’ s zero crossings for bunches early (and late)
in the set of 2N + 1 bunches. Shown in Figure 10 are the differencesin field integrals experienced by the
head and center of a bunch, assuming the two points are 6 mm apart, for a single pass through the kicker. It
isthefirst bunch in Figure 10 which is kicked. Since successive bunches pass through zeroes in the field
integral with alternating sign of first derivative, the effect switches sign between adjacent bunches.
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Difference in kicks to head and center of bunch
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Figure 10. Differencein field integrals experienced by the centers and heads of bunches.
The front of the bunch is assumed to be displaced by 6 mm along the direction of travel
of the bunch. Thefirst bunch is gjected; the remaining 32 bunches pass through the kicker
when the average field integral experienced by the center of the bunch is zero. The
maximum allowable “ripple” is 0.07 Gauss-meters so it is likely that a correction for this
effect (to be discussed in the text) will need to be considered.

Effects associated with multiple passes through the kicker

Most bunches pass through the kicker several times after injection, or before extraction.
There are avariety of effects which enter into a calculation of the kicker’ sinfluence on a
bunch which orbits the damping ring several times during the injection/extraction cycle.
In the extraction scheme described earlier, a bunch arrives at the kicker one “click”

earlier each time it beginsits next orbit of the damping ring until finally being g ected. As
aresult, it passes through the kicker during zeroes which are progressively closer to the
kicking peak (located at t =0 in Figure 3).

In the most naive description of the damping ring, the effects on a bunch associated with
multiple zero crossings would largely cancel due to the alternating signs of the field
integral’ sfirst derivative. It would be the imperfect cancellations associated with
traversal of the kicker during the two orbits preceding extraction which dominated the net
effect on the bunch. However, this overly simplistic description neglects the
consequences of oscillations of the beam about a closed orbit, aswell as the effects of
synchrotron oscillations of particles inside the bunch relative to the bunch center.
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If the tune of the damping ring is not an integer, a perturbation in transverse momentum
created at the kicker during one orbit will, one orbit later, reappear at the kicker asa
combination of perturbations in transverse momentum and position. (An integral
horizontal tune value would cause a perturbation in angle to reappear, one orbit later, asa
perturbation of similar sign and magnitude at the kicker.) Asaresult, description of the
effects on a bunch associated with successive passes through the kicker will need to take
the damping ring’ s tune into account. Bear in mind that bunches make at most 33 orbits
before extraction, so instability issues associated with the choice of horizontal tune may
be less troublesome than would be the case in a storage ring.

The position of a particular electron in a bunch relative to the center of the bunch changes
as the electron loses energy through synchrotron radiation and gainsit back through the
damping ring’s rf system. The tune of these synchrotron oscillationsis 0.1 for the TESLA
damping rings. an electron at the head of the bunch will find itself at the tail of the bunch
after five orbits, and then back at the head of the bunch five orbits later. Thistoo will play
arole in determining the cumulative effect of multiple passes through the kicker.

Ideally, all electrons would suffer zero transverse impulse while passing through the
kicker until being g ected from the damping ring. Referring to Figure 10, one sees that an
electron at the head of the last bunch in agroup of 2N + 1 bunches (bunch 33 in the
figure) will experience anon-zero field integral of +0.2 Gauss-meters during itsfirst
orbit, -0.1 during its second orbit, and so forth. The kicker’sfield integral will be +0.1
Gauss-meters during the electron’ s penultimate orbit and —0.2 during its last orbit before
extraction. If the damping ring were built with integral horizontal tune and zero
synchrotron tune, electrons in bunch 33 would receive no net impul se from the kicker
before extraction since the perturbing effects of the kicker contribute coherently. An
electron at the head of the second-to-last bunch (bunch 32) would experience field
integrals beginning with —0.1 Gauss-meters during its first orbit and ending with -0.2
Gauss-meters during its 31% orbit. (It is extracted at the end of this orbit.) Asaresult, this
electron would experience a net perturbation corresponding to the “missing” +0.2 Gauss-
meter Kkick.

Including the effects of synchrotron oscillations (but still assuming an integral horizontal
tune), an electron at the head of the last bunch at the beginning of itsfirst orbit will have
moved to the tail of the bunch after itsfifth orbit and back to the head of the bunch after
its tenth orbit. When this electron returns to the kicker after its 30" orbit it will again be
at the head of the bunch. One orbit later (its last before being kicked), it will have
retreated somewhat from the head of the bunch and will be perturbed by the kicker less
than it would haveif it had remained at the head of the bunch. The sum of the
perturbations caused by the kicker fields acting on this particular el ectron no longer sum
to zero. It isworth noting that the relative phase of the large perturbations associated with
the first and last orbits for this bunch depends on the number of orbits made by the last
bunch, and therefore on the number of different frequenciesin the kicker system.

The effects of multiple passes through the kicker for a damping ring with synchrotron
tune 0.1 and integral horizontal tune are shown in Figure 11. The graph shows the sum of
the field integrals experienced by individua electrons as a function of the electron’s
position in the bunch at the time it is being extracted from the damping ring. The various
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lines on the graph correspond to different bunches. The banding structure centered about
the origin is a consequence of the fact that the most significant perturbation arises from
the relatively large difference in field integral slopes during the two passes through the
kicker immediately before, or after, akicking pulse. In general it is a consequence of
synchrotron oscillations that an electron at a particular point in the bunch at extraction
may have undergone either of two oscillation histories. (For example, after five orbits,
electrons from both the head and tail of the bunch will be passing through the bunch
center, but moving in opposite directions.) Asaresult, there are usually two curves per
bunch on the plot. The pair of curves separated from the band correspond to the single
bunch which makes one orbit less than the maximum number of orbits. (Electrons at the
head of this bunch suffer a—0.1 Gauss-meter impulse during their first orbit and, later,
both the +0.1 and —0.2 Gauss-meter impulses during their last orbits. These relatively
large field integral errors enter with different phases and produce the observed splitting.)

Field integral error at extraction vs. electron z in bunch
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Figure 11. Error in field integral experienced by electronsin bunches as afunction of an
electron’ s position along the length of a6 mm bunch at extraction. The plot assumes a
synchrotron oscillation tune of 0.1 in the damping ring and an integral horizontal tune.
The maximum allowable “ripple” is 0.07 Gauss-meters so a correction for this effect (to
be discussed in the text) will need to be considered.

The situation becomes more complicated with inclusion of the effects of non-integral
horizontal tune, and will be studied in detail in the near future.
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Correcting for bunch length effects

It isinteresting to contemplate the insertion of asingle rf cavity into the extraction line,
running with the correct frequency and phase, to correct for field integral errorswhich are
correlated with an electron’ s position with respect to the bunch center. By subjecting
extracted bunches to afield integral which is zero when the bunch center passes through
the corrector, but has (non-zero) slope opposite in sign to that of the band in Figure 11, it
is possible to rotate the band horizontally as shown in Figure 12.

Field integral error at extraction vs, electron z in bunch
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Figure 12. Error in field integral experienced by electronsin bunches as afunction of an
electron’ s position in the bunch immediately after passage through an extraction line
“corrector,” as described in the text.

There are virtues and drawbacks to a corrector placed in the extraction line, as opposed to
alocation immediately after the kicker. In the extraction line, the corrector will see any
individual bunch only once, with the 337 ns bunch spacing of the TESLA linac, allowing
for adjustments to the corrector’ s oscillation amplitude between bunches if appropriate.
However, the corrector is only able to compensate for the combined errors induced by the
kicker during the multiple orbits made by extracted bunches. An extraction line corrector
will not compensate for an induced error whose effects cannot be described as a function
of an electron’ s position in the bunch at extraction. This can be seen to be the case for
one bunch in Figure 12.

The extent to which kicker errors can be mapped neatly into single-valued functions of
electron position at extraction depends on synchrotron oscillation tune, horizontal tune,
maximum number of orbits through the kicker during an extraction cycle, coupling in the
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damping ring between horizontal and vertical motion, and so forth. It is possible that
some sort of clever choice of parameters would allow a single correction to be made at
extraction.

A corrector placed immediately after the kicker could compensate for kicker-induced
bunch length effects after each orbit. It would need to have zero field integral asthe
center of a bunch passes through it, and sufficiently large slope to flatten the curve shown
in Figure 3 at its zero crossings. Since the nature of the corrector’ s fields when no
bunches are present are unimportant, it could be run at a much higher frequency than the
kicker cavities. Thiswould allow the generation of alarge first derivative in the field
integral without requiring the cavity to contain large fields. High frequencies might make
it simpler to modulate the cavity amplitude quickly to effect bunch-dependent
corrections. (The same holds true for an extraction line corrector: it isthe magnitude of
the first time derivative of the fields which matters, not the amplitude of the fields
themselves. The corrector used to generate the curvesin Figures 11 and 12, for example,
was taken to run at 1.128 GHz, with afield integral of 1 Gauss-meter.)

One of the complications associated with a corrector immediately after the kicker is that
it needs to jump its oscillation phase by a half cycle during each kicker pulse: the zero
crossings on either side of the kicking pulse are of opposite slope (of course), but also
twice as far apart as other adjacent zero crossings.

It would be interesting to investigate in more detail the feasibility of using a Fourier
series kicker for the TESLA damping rings. Some of the issues are these:

e utilization of amore realistic description of the beam in the damping ring to better
study effects associated with multiple passes through the kicker

e consideration of possible designs for kicker cavities, and post-kicker correctors

e investigation of effects associated with the presence of both electric and magnetic
fieldsin the cavities

e determination of the kicker’s influence on beam polarization

e study of other possible sets of Fourier components for use in akicker.

More study is needed to determine whether or not an approach of this sort might lead to a
realistic kicker system. If issues of cavity control and stability were to prove to be
manageable, it should be borne in mind that doubling the number of cavities employed
would halve the bunch spacing and, consequently, the necessary circumference of the
TESLA damping rings.

Description of first year project activities

During the first year we will explore the prospects of building the NLC and TESLA
damping ring kicker systems with some of the novel approaches described in the
accelerator physics literature, as well as pursuing studies of the approach briefly
described above. The end product of the first year’s activities will be atechnical report
discussing the feasibility of several approaches to the design of the damping ring kickers
for NLC and TESLA.
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The budget is modest since the first year’ s activities are limited to design studies to be
performed by staff already at the participating institutions. It contains requests for a small
amount of materials as well as travel associated with conferring with collaborators.

Future work islikely to involve the engineering studies which would be necessary to
construct a prototype element of a kicker system. After thefirst year, thisislikely to be
an ideal project for student participation so we would expect to request a modest amount
of support for a senior undergraduate physics major in addition to funds associated with
prototype construction.

Participation in LCRD/UCLC

This project is part of the national Linear Collider R& D program which is described in
detall in A University Program of Accelerator and Detector Research for the Linear
Collider. This document is available on the worldwide web at
http://www.hep.uiuc.edu/L CRD/html_files/proposal.html; the project described in this
proposal is presented in A University Program... as LCRD subproposal 2.22.

In following years we would expect to incorporate this project into the University of
[llinois Department of Energy High Energy Physics grant as one of the research tasks.


http://www.hep.uiuc.edu/LCRD/html_files/proposal.html
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1983-1989: Assistant Professor, Princeton University

1986-1996: Spokesperson, Fermilab Experiment 773

1987-1989: Academic advisor, Forbes College

1989-1996: Associate Professor, Univ. of Illinois at Urbana-Champaign
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Thomas R. Junk, continued

Research Activities

Wrote the online data acquisition software for a muon streamer tube prototype to test the natural
background in the Gran Sasso tunnel during construction (1986).

Helped construct, instrument, test, and operate the liquid argon calorimeter of SLD. (1989 —
1993)

Wrote and maintained the online data acquisition software for the SLD Compton polarimeter
(1991—1995).
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Facilities and Resour ces

The University of Illinois High Energy Physics group has excellent computing,
networking, and electronics design infrastructure. Our group includes three electrical
engineers and two technicians; Haney heads this el ectronics group. Another member of
the group's technical staff manages the group's computing, which comprises a mixture of
unix, linux, and Windows machines as well as file and print serving resources. Some of
our laboratory instrumentation is managed by realtime systems such as VxWorks running
in VME processors; a number of groups use PCI bus modules installed in lab Windows
machines which run LabVIEW to control devices.
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Budget and Justification

[tem Cost
Travel $1,500
Materials $44
Indirect costs $818
lllinois total $2,362

We expect that monthly tripsto Fermilab to discuss kicker design issues with the lab's
technical support staff will be necessary to profit from Fermilab's considerable expertise
in kicker design.

Materials costs are minimal since this project will be largely calculational at this early
stage.



CURRENT AND PENDING SUPPORT OF SENIOR PERSONNEL

Investigator Sponsor Amount Period Covered Title Current Status
G. GOLLIN Dept Of Energy $ 2,415,000 |11/01/02-10/31/03 |Research On Elementary Particle Physics Awarded
Tnvestigation of ACOuStIC Localization of It
G. GOLLIN Dept of Energy $ 2,362 |07/01/03-06/30/04 Cavity Breakdown for the Linear Collider
Effort Pending
G. GOLLIN Dept of Energy $ 8,332,847 |11/01/03-10/31/06 |Research On Elementary Particle Physics Pending
Investigation of Acoustic Localization of rf
Cavity Breakdown for the Linear Collider
M. HANEY Dept of Energy $ 2,362 |07/01/03-06/30/04 |Effort Pending
M. HANEY Dept of Energy $ 8,332,847 |11/01/03-10/31/06 |Research On Elementary Particle Physics Pending
TMnois Board of Higher
M. HANEY Education $ 450,000 |09/01/02-08/31/03 |lllinois Consortium for Acellerator Research Awarded
M. HANEY Dept Of Energy $ 2,415,000 |11/01/02-10/31/03 |Research On Elementary Particle Physics Awarded
M. HANEY* NSF (VIA VANDERBILT) $ 809,278 |10/01/01-00/30/06 | 'TR/AP Methodologies and Tools for Designing
and Implementing Large Scale Real-Time
Systems YR 1 & YR 2 Awarded
T. JUNK NSF $ 8,806 (08/01/03 -7/31/06 SVX2b Systems at the Collider Detector at
Fermilab and to Enhance Research and Pending
Learning in Elementary Particle Physics
T. JUNK Dept of Energy $ 8,332,847 |11/01/03-10/31/06 |Research On Elementary Particle Physics Pending




determining whether the location has or will have the effect of unnecessarily denying access to any person on the basis of prohibited
discrimination; (5) the present or proposed membership by race, color, national origin, sex, age and disability in any planning or
advisory body which is an integral part of the program; and (6) any additional written data determined by the Department of Energy to
be relevant to the obligation to assure compliance by recipients with laws cited in the first paragraph of this assurance.

The Applicant agrees to submit requested data to the Department of Energy regarding programs and activities developed by the
Applicant from the use of Federal assistance funds extended by the Department of Energy. Facilities of the Applicant (including the
physical plants, buildings, or other structures) and all records, books, accounts, and other sources of information pertinent to the
Applicant's compliance with the civil rights laws shall be made available for inspection during normal business hours on request of an
officer or employee of the Department of Energy specifically authorized to make such inspections. Instructions in this regard will be
provided by the Director, Office of Civil Rights, U.S. Department of Energy.

This assurance is given in consideration of and for the purpose of obtaining any and all Federal grants, loans, contracts (excluding
procurement contracts), property, discounts or other Federal assistance extended after the date hereof, to the Applicants by the
Department of Energy, including installment payments on account after such data of application for Federal assistance which are
approved before such date. The Applicant recognizes and agrees that such Federal assistance will be extended in reliance upon the
representations and agreements made in this assurance, and that the United States shall have the right to seek judicial enforcement of
this assurance. This assurance is binding on the Applicant, the successors, transferees, and assignees, as well as the person(s) whose
signatures appear below and who are authorized to sign this assurance on behalf of the Applicant.

Applicant Certification

The Applicant certifies that it has complied, or that, within 90 days of the date of the grant, it will comply with all applicable
requirements, of 10 C.F.R. 1040.5 (a copy will be furnished to the Applicant upon written request to DOE).

Designated Responsible Employee

Name and Title (Printed or Typed) and Telephone Number

Signature and Date
(please type in full name if electronically submitted)

Applicant's Name and Telephone Number

Address

Date

Authorized Official:
President, Chief Executive Officer
or Authorized Designee

Name and Title (Printed or Typed) and Telephone Number

Signature and Date
(please type in full name if electronically submitted)



FA-CERTS (3/00)

CERTIFICATIONS REGARDING LOBBYING; DEBARMENT, SUSPENSION AND OTHER RESPONSIBILITY
MATTERS; AND DRUG-FREE WORKPLACE REQUIREMENTS

Applicants should refer to the regulations cited below to determine the certification to which they are required to attest. Applicants should also review the instructions for
certification included in the regulations before completing this form. Signature of this form provides for compliance with certification requirements under 10 CFR Part 601 "New
Restrictions on Lobbying," and 10 CFR Part 1036 "Governmentwide Debarment and Suspension (Nonprocurement) and Governmentwide Requirements for Drug-Free Workplace
(Grants)." The certifications shall be treated as a material representation of fact upon which reliance will be placed when the Department of Energy determines to award the
covered transaction, grant, or cooperative agreement.

1. Lobbying

The undersigned certifies, to the best of his or her knowledge and belief, that:

(1) No Federal appropriated funds have been paid or will be paid, by or on behalf of the undersigned, to any person for influencing or attempting to
influence an officer or employee of any agency, a Member of Congress, an officer or employee of Congress, or an employee of a Member of Congress in
connection with the awarding of any Federal contract, the making of any Federal grant, the making of any Federal loan, the entering into of any cooperative
agreement, and the extension, continuation, renewal, amendment, or modification of any Federal contract, grant, loan, or cooperative agreement.

(2) If any funds other than Federal appropriated funds have been paid or will be paid to any person for influencing or attempting to influence an officer or
employee of any agency, a Member of Congress, an officer or employee of Congress, or an employee of a Member of Congress in connection with this
Federal contract, grant, loan, or cooperative agreement, the undersigned shall complete and submit Standard Form-LLL, "Disclosure Form to Report
Lobbying," in accordance with its instructions.

(3) The undersigned shall require that the language of this certification be included in the award documents for all subawards at all tiers (including
subcontracts, subgrants, and contracts under grants, loans, and cooperative agreements) and that all subrecipients shall certify and disclose accordingly.

This certification is a material representation of fact upon which reliance was placed when this transaction was made or entered into. Submission of this certification is a
prerequisite for making or entering into this transaction imposed by section 1352, title 31, U.S. Code. Any person who fails to file the required certification shall be subject to a
civil penalty of not less than $10,000 and not more than $100,000 for each such failure.

2. DEBARMENT, SUSPENSION, AND OTHER RESPONSIBILITY MATTERS

(1) The prospective primary participant certifies to the best of its knowledge and belief, that it and its principals:

(a) Are not presently debarred, suspended, proposed for debarment, declared ineligible, or voluntarily excluded from covered
transactions by any Federal department or agency;

(b) Have not within a three-year period preceding this proposal been convicted of or had a civil judgment rendered against them for
commission of fraud or a criminal offense in connection with obtaining, attempting to obtain, or performing a public (Federal, State
or local) transaction or contract under a public transaction; violation of Federal or State antitrust statutes or commission of
embezzlement, theft, forgery, bribery. falsification or destruction of records, making false statements, or receiving stolen property;

(c) Are not presently indicted for or otherwise criminally or civilly charged by a governmental entity (Federal, State or local) with
commission of any of the offenses enumerated in paragraph (1)(b) of this certification; and

(d) Have not within a three-year period preceding this application/proposal had one or more public transactions (Federal, State or
local) terminated for cause or default.

(2) Where the prospective primary participant is unable to certify to any of the statements in this certification, such prospective participant shall attach an
explanation to this proposal.

3. DRUG-FREE WORKPLACE

This certification is required by the Drug-Free Workplace Act of 1988 (Pub.L. 100-690, Title V, Subtitle D) and is implemented through additions to the Debarment and
Suspension regulations, published in the Federal Register on January 31, 1989, and May 25, 1990.

ALTERNATE I (GRANTEES OTHER THAN INDIVIDUALS)

(1) The grantee certifies that it will or will continue to provide a drug-free workplace by:

(a) Publishing a statement notifying employees that the unlawful manufacture, distribution, dispensing, possession, or use of a controlled substance is
prohibited in the grantee's workplace and specifying the actions that will be taken against employees for violation of such prohibition;

(b) Establishing an ongoing drug-free awareness program to inform employees about:

(1) The dangers of drug abuse in the workplace;
(2) The grantee's policy of maintaining a drug-free workplace;



(3) Any available drug counseling, rehabilitation, and employee assistance programs; and
(4) The penalties that may be imposed upon employees for drug abuse violations occurring in the workplace;

(c) Making it a requirement that each employee to be engaged in the performance of the grant be given a copy of the statement required by paragraph (a);
(d) Notifying the employee in the statement required by paragraph (a) that, as a condition of employment under the grant, the employee will:

(1) Abide by the terms of the statement; and
(2) Notify the employer in writing of his or her conviction for a violation of a criminal drug statue occurring in the workplace not
later than five calendar days after such conviction;

(e) Notifying the agency, in writing, within ten calendar days after receiving notice under subparagraph (d)(2) from an employee or otherwise receiving
actual notice of such conviction. Employers of convicted employees must provide notice, including position title, to every grant officer or other designee on
whose grant activity the convicted employee was working, unless the Federal agency has designated a central point for the receipt of such notices. Notice
shall include the identification number(s) of each affected grant;

(f) Taking one of the following actions, within 30 calendar days of receiving notice under subparagraph (d)(2), with respect to any employee who is so
convicted:

(1) Taking appropriate personnel action against such an employee, up to and including termination, consistent with the
requirements of the Rehabilitation Act of 1973, as amended; or

(2) Requiring such employee to participate satisfactorily in a drug abuse assistance or rehabilitation program approved for such
purposes by a Federal, State or local health, law enforcement, or other appropriate agency;

(g) Making a good faith effort to continue to maintain a drug- free workplace through implementation of paragraphs (a),(b),(c),(d),(e), and (f).
(2) The grantee may insert in the space provided below the site(s) for the performance of work done in connection with the specific grant:

Place of Performance: (Street address, city, county, state, zip code)

506 South Wright Street

Urbana, Champaign County

lllinois, 61801

g Check if there are workplaces on file that are not identified here.
ALTERNATE IT (GRANTEES WHO ARE INDIVIDUALS)

(1) The grantee certifies that, as a condition of the grant, he or she will not engage in the unlawful manufacture, distribution, dispensing, possession, or use of a controlled
substance in conducting any activity with the grant.

(2) If convicted of a criminal drug offense resulting from a violation occurring during the conduct of any grant activity, he or she will report the conviction, in writing, within 10
calendar days of the conviction, to every grant officer or other designee, unless the Federal agency designates a central point for the receipt of such notices. When notice is made to
such a central point, it shall include the identification number(s) of each affected grant.

As the duly authorized representative of the applicant, I hereby certify that the applicant will comply with the above certifications.

The Board of Trustees of the University of lllinois
NAME OF APPLICANT and PR/AWARD NUMBER and/or PROJECT NAME

Charles F. Zukoski, Chair Research Board
PRINTED NAME and TITLE OF AUTHORIZED REPRESENTATIVE

Charles F. Zukoski May 22, 2003

SIGNATURE and DATE
(please type in full name if electronically submitted)




Simpson-Craig Amendment Representation

Applicant organizations which are described in section 501(c)(4) of the Internal Revenue Code of 1986 and
engage in lobbying activities after December 31, 1995 shall not be eligible for the receipt of Federal funds
constituting an award, grant, or loan.

Section 501(c)(4) of the Internal Revenue Code of 1986 covers:

Civic leagues or organizations not organized for profit but operated exclusively for the
promotion of social welfare, or local associations of employees, the membership of which is
limited to the employees of a designated person or persons in a particular municipality, and the
net earnings of which are devoted exclusively to charitable, educational, or recreational
purposes.

As set forth in section 3 of the Lobbying Disclosure Act of 1995, as amended, (2 U.S.C. 1602), lobbying

activities are defined broadly to include, among other things, contacts on behalf of an organization with

specified employees of the Executive Branch and Congress with regard to Federal legislative, regulatory, and

program administrative matters.

When submitting an application, 501(c)(4) applicants shall include this representation in their application:
Simpson-Craig Amendment Representation

Check the appropriate block:

The applicant represents that it is an organization described in section 501(c)(4) of the Internal Revenue Code

of 1986 which, after December 31, 1995, has_ _ has not_ _ engaged in any lobbying activities as

defined in the Lobbying Disclosure Act or 1995.

Applicant _Charles F. Zukoski

Title Chair, Research Board

Signature _Charles F. Zukoski

(please type in full name if electronically submitted)

Date 5/22/03
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