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1 Introduction

The so-called “pitch-and-catch” scheme is a proposed idea to provide in-situ gain calibration

of the next-generation (aka CBPM3) CBPM system. It consists in injecting a known signal

into one of the four electromagnetic pick-up (the pitch pick-up) that will act as an antenna

and reading out the voltage on the other three pick-ups (the catch pick-ups). This procedure

is repeated three more times, injecting the same known signal into each pick-up at a time.

The end result is a 4x4 response matrix that allows to cross calibrate the pick-ups’ gains

with respect to each other (read-out electronics folded in). A gain mis-calibration yields a

systematic bias of the beam position reconstruction. For instance, if one pick-up is mis-

calibrated by 10%, this results in about 250 micron shift in the beam position.

2 Bench setup

Figure 1 shows pictures of the bench setup in the g-2 lab in PSB 3731. It consists in a piece of

CESR north arc vacuum chamber with two sets of four electromagnetic pick-ups (aka button)

in ambient air and temperature and, the equipment listed below.

Signal generators

• CAEN DT5800 digital emulator (product info), key features:

– sub-ns rise time, 1.9 V amplitude

• Picosecond 10070A pulse generator (product info), key features:

– 65 ps rise time, up to 7.8 V amplitude, pulse duration from 100 ps to 10 ns

• John Barley’s “beam in a box” referred to as Beam-box, key features:

– sub-ns rise time, 1.6 V amplitude, 2.1 V peak-to-peak

Oscilloscopes

• Tektronix TDS8000 digital sampling oscilloscope with 80E03 electrical plug-in module

(product info, product info), key features:

– 20 GHz bandwidth, 1.2 mV RMS noise, 3 V max input, 1 V max vertical sensitivity,

17.5 ps rise time

1Many thanks to Lawrence Gibbons for opening his lab.
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https://www.caen.it/products/dt5800/
https://datasheets.globalspec.com/ds/1463/PicosecondPulseLabs/1756B6DA-77D8-49C3-AD77-8294FE6D8416
https://www.tek.com/datasheet/tds8000
https://download.tek.com/manual/071043405.pdf


• Keysight MSO7104B digital oscilloscope (product info), key features:

– 1 GHz bandwidth, 4 GSa/s sampling rate, 0.3 mV RMS noise

The CAEN digital emulator and Keysight digital oscilloscope belong to the g-2 lab. The

Picosecond pulse generator and Tektronix digital oscilloscope were borrowed from the equip-

ment lending library of the Cornell Center for Materials Research (link to CCMR’s lending

library). The termination common to all the devices is 50 Ω.

(a) CESR vacuum chamber, oscilloscopes and,

CAEN digital emulator.

(b) CESR vacuum chamber with read-out cables

from to the pick-ups.

(c) Pick-ups inside the CESR vacuum chamber.

Figure 1: Bench setup in g-2 PSB 373 lab. Not seen on the pictures: Picosecond pulse

generator.
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3 Measurements

3.1 Minimum signal requirements

Various signal/function/waveform generators were used besides the three listed in Sec. 2.

The minimum signal requirements consist in being able to read-out a catch signal out of the

pick-up closest to the pitch pick-up (its neighbor). Signals with a rise/fall2 time slower than

about 2.5 ns, regardless of the signal amplitude, did not meet the requirements. Signals with

a sub-ns rise/fall and at least 1 V amplitude met the requirements. The key ingredient is the

rise/fall time: a large signal amplitude is not helpful if the rise/fall time is too slow. The 1 ns

to 2.5 ns rise/fall time range was not tested as no such signal characteristic was available.

3.2 Signal from CAEN digital emulator

The various signal emulation features of the CAEN does not allow sub-ns rise/fall time.

Its digital trigger output on the other hand does. Figure 2 shows what the falling edge of

this signal looks like on the Keysight and Tektronix oscilloscopes. The reported fall time

of 525 ps on the Keysight oscilloscope is, not surprisingly, slower than the 422 ps reported

by the Tektronix oscilloscope since they respectively have 1 GHz and 20 GHz bandwidth.

Contrary to the Keysight, the Tektronix oscilloscope does not report an accurate amplitude

as its maximum vertical sensibility is 1 V, therefore requiring the signal to be attenuated3.

It was verified4 that the BNC attenuators have at least a 10 GHz bandwidth (100 ps) so as

not to affect the 422 ps rise time measurement.

The falling edge (smooth step function) of the digital trigger output from the CAEN has

the following characteristics:

• 422 ps fall time

• 1.9 V amplitude

After injecting this signal into one of the pick-up, the closest neighboring pick-up read-

out as shown in Fig. 3: about 2.9 mV signal amplitude. This corresponds to about a 650

attenuation5 factor. The other two farther pick-ups did not read out anything either because

2The rise/fall time is standard: the time it takes for the signal to rise/fall from 10 to 90%.
3The �rst attenuation comes from T-splitting the signal (about 3 dB attenuation) to trigger the scope

using the signal itself and, the second attenuation comes from a 10 dB attenuator: 1.41 × 3.16 amplitude

attenuation.
4It was veri�ed by measuring a 100 ps rise time from the Picosesecond pulse generator both with and

without the attenuators.
5The word \attenuation" is used in a loose manner as the catch signals are AC-coupled with the pitch

signal: it refers to the pitch signal amplitude (or peak-to-peak) divided by the catch signal amplitude (or

peak-to-peak).
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