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Abstract. Fermilab has developed a second electron lens (TEL-2) for beam-beam compensation
in the Tevatron as part of its Run 11 upgrade program. Operation of the beam position monitors
(BPMs) in the first electron lens (TEL-1) showed a systematic transverse position difference
between short proton bunches (2 ns sigma) and long electron pulses (~1 us) of up to ~1.5 mm.
This difference was attributed to frequency dependence in the BPM system. The TEL-2 BPMs
utilize a new compact four plate design with grounding strips between plates to minimize
crosstalk. In-situ measurements of these new BPMs are made using a stretched wire pulsed with
both proton and electron beam formats. In addition, longitudinal impedance measurements of the
TEL-2 are presented. Signal processing algorithm studies indicate that the frequency dependent
transverse position offset may be reduced to ~0.1 mm for the beam structures of interest.
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INTRODUCTION

The Tevatron has operated an Electron Lens (TEL-1) mainly as a gentle remover of
DC beam in the abort gaps [1]. This DC beam component, if not removed, is enough
to cause a quench during an abort or possibly damage silicon detectors in the CDF and
DO experiments. In addition, the TEL-1 has been used as a R&D project for Tevatron
beam-beam compensation [2]. Based on the success of this project, a second Tevatron
Electron Lens (TEL-2) was designed and constructed [3]. Operation of two electron
lenses will allow for simultaneous vertical and horizontal beam-beam compensation as
well as a spare DC beam remover. Development of the TEL-2 allowed for upgrades
from the initial TEL-1 design, including a new beam position monitor (BPM) design
[4].

Accurate positioning of the electron beam relative to the Tevatron proton or
antiproton beam is critical in order to have efficient DC beam removal and beam-beam
compensation. Figure 1(a) shows a schematic of the TEL-1, including the location of
four diagonal split-plate BPMs used to measure electron, proton and antiproton
transverse beam positions. Operation of the electron guns in the electron lenses limits
the electron pulse width to greater than ~1 us, while the proton and antiproton bunches
are a few ns in length. Figure 1(b) is a plot of stretched-wire measurements of beam
position versus signal frequencies from 20 to 100 ns, showing a clear frequency
dependent position.
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FIGURE 1. (a) Schematic layout of the TEL-1. (b) TEL-1 BPM position versus beam pulse length.

TEL-2 BEAM POSITION MONITORS

While diagonal split-plate BPMs give good linearity, they require two sets of
pickups to measure horizontal and vertical positions. For TEL operations, it is
necessary to measure beam positions very precisely. Figure 2 shows a new compact
four-plate BPM design that is utilized in the TEL-2. This design is compact and has
ground strips between pickups to minimize signal crosstalk [4].
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FIGURE 2. New four-plate BPM design for the TEL-2.



TEL-2 Stretch-Wire BPM Measurements

The TEL-2 BPMs were calibrated in-situ. A wire was stretched through the entire
TEL-2 system and pulsed while BPM signals were measured. Figure 3(a) shows a
single BPM plate response versus frequency. There are a number of potential
resonance frequencies. Figure 3(b) gives the measured impedance versus frequency
and shows a number of impedance spikes. These impedance spikes are likely due to
ground path structures in the TEL-2 systems causing resonance effects.

TELIl Impedance
— [Omm]AR [Demm]BAR [Smm}a/R [Smm|B/R — [10mmJAR — [10mm]E/R 1T -~ —

Z/n[ohms]
o o O
i O O

03 ‘ -
02 - |

.80 - '
| | ! B
-a0 f t t 1 0; ’ .."I‘I;.J'«JJL :'IlliJ JUi‘w"tU‘ld\J 4
0 50 i 1[[]|3|H ] 150 200 e Y ! 10
reqMHz FreqlGHz]
(a) (b)

FIGURE 3. (a) Stretched-wire single BPM plate response versus frequency for new TEL-2 BPM
design. (b) Measured TEL-2 impedance from stretched wire.

Figure 4 plots the BPM measured wire position versus frequency for different
horizontal stretched-wire locations. One can see clearly that the BPM measured wire
position is dependent on the frequency of the pulsed signal and can have dramatic
changes for frequencies above 100 MHz.
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FIGURE 4. BPM measured position versus frequency for different stretched wire positions.



Wide Frequency Band Position Measurements

BPM signal processing for the TEL-1 was based on time-domain processing and
integrated over the entire BPM signal frequency. Figure 4 show that integrating over
the entire frequency range will yield incorrect beam position measurements. Stretched-
wire measurements were made of the TEL-2 BPMs for electron-beam-type signals of
~ 1 us pulses and proton-beam-type signals of ~ 2 ns ¢ gaussian pulses. BPM plate
signals were acquired with an oscilloscope and processed offline. The wide frequency
band processing uses the peak value of a cumulative integral of the BPM plate signals.
The difference divided by the sum of these peak values gives the measured beam
position in normalized units. Figure 5(a) shows a TEL-2 electron BPM plate signal
and its cumulative integral plot, while Fig. 5(b) shows the same for a proton BPM
plate signal. Figure 6 shows a plot of the difference between the measured electron
and proton positions for different horizontal stretched-wire positions for TEL-2
upstream and downstream, vertical and horizontal BPMs.
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FIGURE 5. (a) Electron BPM plate signal and its cumulative integral plot. (b) Proton BPM plate
signal and its cumulative integral plot.
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FIGURE 6. TEL-2 BPM difference between the measured electron and proton positions for different
horizontal stretched-wire positions using a wide frequency band algorithm. Different curves are for
upstream and downstream, vertical and horizontal BPMs.

Narrow Frequency Band Position Measurements

Electron and proton position differences are attributed to the signal processing over
a wide frequency range. The same electron and proton BPM signals acquired for the
wide frequency band signal processing are now reprocessed offline over a narrow
frequency range. Figure 7(a) shows a TEL-2 electron BPM plate signal and its fast
frequency response (FFT), while fig. 7(b) shows the same for a proton BPM plate
signal. Since the electron and proton spectrums are so different, a compromise choice
of narrow frequency band is needed. For our processing we choose the band of 5 to 20
MHz, which gives good overlap for both spectrums. The electron and proton
spectrums processed with a 15-MHz-wide Hanning window centered at 12.5 MHz.
The output of the Hanning window is integrated to give a single value for the BPM
plate. The difference divided by the sum of these peak values gives the measured
beam position in normalized units. Figure 8 shows a plot of the difference between the
measured electron and proton positions for different horizontal stretched-wire
positions for TEL-2 upstream and downstream, vertical and horizontal BPMs. These
data shows improved BPM measurements over the wide frequency band data shown in
Fig. 6.



x10° Electron BPM Plate Signal Electron BPM Plate Signal FFT

8
BF 8
4+
2} 61
0
4
21
4T 2
-6F
-8 ’ . L 0 1 !
0 1 2 3 4 0 10 20 30 40
(a) Time (us) Freq (MHz)
Proton BPM Plate Signal Proton BPM Plate Signal FFT
0.15F y T " . ‘ .
8 b
0.1+ 71
0.05¢ 6t
O—J E—
4 E
-0.05+
3 L
-0.1F ol
015} 1F
D L
0 100 200 300 400 0 50 100 150
Time {ns) Freq (MH2)
(b)

FIGURE 7. (a) Electron BPM plate signal and FFT plot. (b) Proton BPM plate signal and its FFT plot.
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FIGURE 8. TEL-2 BPM difference between the measured electron and proton positions for different
horizontal stretched-wire positions using a narrow frequency band algorithm. Different curves are for
upstream and downstream, vertical and horizontal BPMs.



CONCLUSION

A compact four-plate BPM design has been tested for the new TEL-2.
Measurements from the TEL-1 and TEL-2 BPMs show that there is frequency
dependence to the measured beam positions. Development of a narrow frequency band
algorithm reduces the measured beam position difference to level which is acceptable
for DC beam removal and beam-beam compensation.
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