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Overview 
 
The injection/extraction kicker system for the TESLA damping ring design poses 
significant challenges of speed, stability, and reproducibility.  
 
The 2820 bunches of a TESLA pulse would require an unacceptably large damping ring 
if the 337 ns linac bunch spacing were also used in the damping ring. As a result, the 
TESLA 500 GeV design calls for 20 ns bunch separation in a 17 km circumference 
damping ring; a fast kicker will deflect individual bunches on injection or extraction, 
leaving the orbits of adjacent bunches in the damping ring undisturbed.  
 
A number of the kicker designs which have been considered involve the creation of 
individual electric/magnetic field pulses of sufficiently short duration so that only one 
bunch is influenced by a pulse. The demands of short rise/fall times and pulse-to-pulse 
stability are challenging and have, so far, been unachievable.  A system capable of 
generating even shorter pulses would allow the construction of a smaller damping ring, 
but would place even more stringent demands on the kicker. 
 
The Fermilab Long Range Planning Committee has recommended that participation in 
the design and commissioning of a high energy Linear Collider play a major role in the 
lab's activities. Shekhar Mishra has begun organizing Fermilab's Linear Collider 
activities, with the lab's accelerator physics investigations including significant local 
efforts on damping rings (and kickers), as well as low emittance transport in the main 
linac. So far the damping ring and kicker efforts have involved simulations and informal 
discussions of technical issues, but it is now appropriate to begin preparing to do bench 
tests of some of our ideas. In particular, it is interesting to consider using the relativistic 
electron beam available at the A0 Photoinjector Lab to study the stability and speed of 
prototype kicker elements. We are likely to find that the experience gained in 
understanding the problems in interpreting data from measurements at A0 are as useful as 
things we learn about the first kicker element under test! 
 
This would be, in fact, the principal goal of measurements proposed here: to learn how 
well we can determine the timing and stability properties of a kicker inserted into the A0 
beam. Some measurement errors will arise from jitter in the A0 beam, some from the 
kicker and its power supply. We hope to learn how to unfold the various contributions in 
order to understand our future prospects in A0. 
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With Fermilab's help we would like to construct, install in A0, and evaluate a small 
stripline kicker in order to learn about its properties as well as the feasibility of 
performing more extensive measurements on larger systems using the A0 beam. The 
kicker and associated circuitry would be built from parts already available at Fermilab 
except, possibly, for a length of ceramic vacuum pipe. Consequently, the most significant 
contribution from Fermilab to this effort would be the assignment of lab staff to help with 
engineering and fabrication, as well as allocation of running time and installation 
assistance in the Photoinjector Lab. 
 
 
Performance goals for a TESLA damping ring kicker 
 
Several of the damping ring designs under consideration at Fermilab incorporate beams 
in which bunches are organized into trains with 6 ns bunch spacing, and 64 ns gaps 
between successive trains. The last bunch in each train is extracted. As a result, a kicker's 
rise and fall times can be very different. Tentative specifications for a damping ring 
kicker are shown in Table 1. 
 

quantity value precision 
kicking field integral 100 Gauss-meters ±0.07 Gauss-meters 
"off" field integral 0 ±0.07 Gauss-meters 
kicking pulse "flattop" at least 40 ps  
pulse rise time less than 6 ns  
pulse fall time less than 64 ns  

 
Table 1. Damping ring kicker specifications 

 
A 100 G-m magnetic impulse would correspond to the effects of a 3 MV/m electric field 
applied transverse to a particle's trajectory as it moved a distance of one meter. 
Depending on details of the kicker's design, both electric and magnetic forces can 
contribute to the deflection of a bunch.  
 
The version of the kicker described in the TESLA TDR would be built from about thirty 
modules in order to achieve the desired transverse impulse. Since both beams are rather 
large at injection (the positron beam's diameter is nearly 2 cm), the kicker aperture needs 
to be sufficient to accommodate the undamped beams with adequate room to spare.    
 
 
Alternative kickers under consideration at Fermilab 
 
It is interesting to consider a different design in which the pulsed kicker is replaced by a 
system which does a certain amount of "Fourier engineering" in order to synthesize a 
narrow kicking pulse.  
 
One method would employ a set of rf cavities whose amplitudes, frequencies, and phases 
correspond to the Fourier components of a periodic pulse train which will kick one bunch 
while leaving a large number of following bunches undisturbed. The most naïve version 
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of this kicker employs cavity frequencies which are the lowest terms in the representation 
of a periodic δ function; more sophisticated schemes can overcome many of the 
disadvantages of this particular design. 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. This would 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  Mth bunch in a train, 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 Mth orbit through the system. 
 
Another scheme would use the dispersive nature of a waveguide driven in its lowest 
mode to compress a "chirp" transmitted to a low-Q rf cavity. Rather than using the beam 
to add the effects of a series of distinct rf cavities, each supporting a different frequency, 
the  cavity would sum the various frequency components. The device might be able to 
use a broadband broadcast power amplifier to drive the chirp into the waveguide. 
 
Both ideas involve rather complicated systems. In order to evaluate some of the practical 
complications of either of these schemes it is necessary to understand the limitations of 
employing the A0 beam to test them directly. What sort of pulse-to-pulse uniformity of 
timing, profile, and beam intensity can be obtained? How well are we able to determine 
the intrinsic properties of the kicker itself after accounting for the behavior of the A0 
beam?  
 
It is advisable to begin studying kickers by first learning to interpret A0 test data.  We 
propose to do this using a simple kicker whose properties can be calculated reliably. 
After developing a reasonable degree of confidence in our understanding of A0, we can 
decide how to proceed with studies of a more complicated kicker.  
 
 
A simple kicker for initial A0 tests 
 
We would like to build a transmission line kicker, terminated at both ends and driven at 
one end by a high voltage pulser, for our initial tests. The kicker would be roughly 60 cm 
long and made from a pair of parallel conducting rods placed 3 cm apart. A flanged, 
ceramic vacuum pipe centered between the rods would carry the beam through the kicker. 
Measurement of the beam would employ two pairs of beam position monitors placed on 
either side of the kicker. The device could be installed in A0, downstream of a plasma 
acceleration experiment that will be running during the summer of 2004. 
 
A sketch of the kicker is shown in Figures 1 and 2. 
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Figure 1. Proposed kicker layout in A0 (plan view) 
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Figure 2. Proposed kicker design (plan view) 

 
 
The kicker's electromagnetic properties can be calculated with reasonable precision. 
Since it is 20 times longer than the separation between conductors, it may be 
approximated as an infinitely long two-wire transmission line (See, for example, 
Engineering Electromagnetics (5th edition), William H. Hayt, Jr., McGraw-Hill, 1989).  
 
Expressions for the impedance Z0, capacitance per unit length C, and inductance per unit 
length L for high frequency applications follow. The parameters a and d are illustrated in 
Figure 3.  
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Figure 3. Parameter definitions for various calculations. 
 
 
Recall that  ε0 = 8.854 × 10-12 F/m  and  µ0 = 4π × 10-12 H/m. In addition,  
(µ0/ε0)1/2 = 377Ω  and  (µ0ε0)-1/2 = c.  
 
For  d = 3 cm  and  a = 0.3 cm  we have  ln(d/a) = 2.30 so that 
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We can also calculate the magnitude of the electric field at the midpoint between the rods 
if they are held at voltages ±V.  We find 
 

 4 60.68  (Volts/m).
ln

VE V
d ad

a

= ≈
− 

 
 

!
 

 
If the voltage difference between the rods is maintained by a current  I = 2V/Z flowing 
into one rod, through a terminating resistor Z, and then out the other rod, the magnetic 
field is also simple to calculate. We find 
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Evaluating the numerical factors gives  
 
 

7 31.93 10  (Tesla, for  in volts) 1.93 10  (Gauss, for  in volts).B V V V V− −= × = ×
!

 
 
 
The electric and magnetic fields are oriented as shown in Figure 4. 
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Figure 4. Orientations of currents and fields. 
 
Note that beam particles entering from the left will experience nearly identical impulses 
from the electric and magnetic fields along the centerline of the kicker. Particles entering 
from the right will experience electric and magnetic kicks in opposite directions. 
 
Since field integrals of 1 T⋅m and 300 (MV/m)⋅m each impart transverse momentum 
300 MeV/c, we can write 
 

( ) ( )8 760.68 3 10 1.93 10 118.58  ( V/ /m).Tp V V V
L

−≈ + × × = e c  

 
A 0.6 m long kicker driven with a ±750 V pulse will deflect a 16 MeV electron by 
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A pair of BPM's with 50 µm resolution, separated by one meter, can measure an angle 
with precision 71 µrad. As a result, a system using two pairs of BPM's can determine the 
change in particle beam direction with rms uncertainty 100 µrad / 3.3 mrad = 3% on a 
pulse-by-pulse basis.. 
 
 
Assembling the kicker 
 
We expect that many of the components needed to build the kicker are available at 
Fermilab. 
 
We would like to borrow a high voltage pulser, designed by Chris Jensen for use in the 
linac chopper, to drive pulses into the kicker. Jensen's circuit uses DE475-102N21A RF 
power MOSFETs to drive ±700V pulses into a load. Maximum current for these devices 
is 24 amps; switching speed varies with on-current, but is expected to be roughly 20 ns in 
this application. There are two spares available, though one of them is only partially 
assembled. In addition, there are at least two blank circuit boards on hand which could be 
loaded after parts are purchased. 
 
Chris also has a suitable aluminum enclosure which could be loaned to us for the duration 
of these tests.  
 
The standard BPM's used in the photoinjector are adequate for our purposes. We do not 
yet know if enough are available or will need to be fabricated (or purchased). Higher-
precision BPM's are currently in use at KEK; acquisition of several of these 5 µm 
accuracy devices may be useful in the future. 
 
It is possible that a suitable flanged ceramic vacuum pipe could be borrowed from DESY 
or SLAC, but it may be necessary to purchase this item. 
 
We would like to request the assistance of a Fermilab technician to assemble (and mount 
in an enclosure) one of the spare linac chopper pulsers. In addition, we would like 
drafting and mechanical engineering assistance to generate assembly drawings for the 
entire transmission line kicker, including the mounting of pairs of BPM's upstream and 
downstream of the kicker itself. 
 
 
Kicker instrumentation  
 
Initial measurements are intended to teach us how to separate A0 beam effects from 
kicker behavior. Generally, we will be more interested in matters relating to kicker speed 
and stability than absolute determination of the kicker's impulse. 
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A measurement of the beam arrival time which is independent of the BPM system is 
desirable. A determination of the magnetic field strength which does not rely on the beam 
deflection is also important. Measurement of the relative timing of the onset of the 
magnetic field and the arrival of beam is also necessary. 
 
We will need advice from Fermilab's electrical engineering and instrumentation experts 
regarding this, as well as guidance from the team which operates the A0 facility. 
 
 
Kicker data  
 
How much running time might it take for us to learn something useful?  
 
A most naïve calculation is based on the estimated 3% single pulse accuracy from the 
BPM's and the kicker stability goal of 0.07%. If only the BPM precision contributed to 
the measurement uncertainties (this would require a perfectly stable kicker!), it would 
take (3% / 0.07%)2 ≈ 2000 pulses per measurement point to reach this level of accuracy. 
Arbitrarily increasing this by a factor of three to 6000 pulses would allow the 10 Hz A0 
repetition rate to deliver one point's data in 10 minutes. A scan of 100 points in which the 
relative timing of the arrival of the beam and the firing of the kicker is varied could be 
done in a few shifts.   
 
 
Budget  
 
We will prepare an estimated budget when we have a clear sense of which items can be 
borrowed and which must be purchased. 
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