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In the plots above, the signals from pairs of bunches are overlaid with spacings in multiples of 4ns. Data is plotted for 
positrons and for electrons. The result is a mapping of the electron cloud density produced by the first bunch as a function 
of time. The CesrTA storage ring has a revolution period of 2563 ns.  

The sketch at right shows the location of four diagnostic areas 
at CESRTA. Data for the plot above was taken at 15E.

    L3:  Shielded Pickup, TE Wave, Retarding Field Analyzer
15W:  Shielded Pickup, Retarding Field Analyzer
 15E:  Shielded Pickup, TE Wave, Retarding Field Analyzer
    L0: TE Wave, Retarding Field Analyzer

ABSTRACT
The Cornell Electron Storage Ring has been reconfigured as a test accelerator (CESRTA) with beam energies ranging from 2 GeV 
to 5 GeV. Measurements of electron cloud (EC) densities have been made using a number of techniques, including Shielded 
Pickups (SPU) and Resonant TE Waves. These measurements include different bunch configurations, from single bunches of 
positrons and electrons to multibunch trains. The comparison of those results, obtained in the same portion of the vacuum 
chamber, highlights the characteristics of the two techniques and helps identify their relative merits for ascertaining various 
properties of the electron cloud. In many respects, the techniques are complementary. For example, TE Wave measurements are 
most sensitive to cloud electrons near the horizontal center of the beampipe, while the SPU is sensitive to cloud electrons with 
velocities that are normal to the inner surface of the beampipe. The SPU measures the time evolution of the cloud, while the 
Resonant TE Wave technique measures the overall cloud density. We present an outline of our current understanding of these two 
techniques and a comparison of recent measurements.

A COMPARISON OF ELECTRON CLOUD DENSITY MEASUREMENTS
USING SHIELDED PICKUPS AND TE WAVES AT CESRTA∗

*This work is supported by the US National Science Foundation PHY-0734867, PHY-1002467 and the US Department of Energy DE-FC02-08ER41538. 

J.P. Sikora† , M.G. Billing, J.A. Crittenden, M.A. Palmer, D.L. Rubin, CLASSE, Ithaca, New York
S. De Santis, LBNL, Berkeley, California

Shielded Pickup (SPU)Resonant TE Wave

The signal from two positron bunches is shown 
above. There is a small but detectable direct 
beam signal, that provides a convenient marker 
for the time of the bunch passage. The electron 
cloud signal from the second bunch is much 
larger than that of the first, since the electrons 
that were generated by the first bunch are kicked 
into the detector by the second bunch. The 
bunches are 36 ns apart with 4.8x1010 positrons 
in each (3 mA). The beam energy is 2.1 GeV

    

The electrode of a shielded pickup is in the 
vacuum space of the beampipe, but is 
isolated from the electromagnetic field of 
the passing bunches by a pattern of small 
holes in the beampipe. A voltage gain of 
100 is applied to the signal before being 
sent to an oscilloscope with a bandwidth of 
500 MHz. The system time resolution is 
less than 1 ns.

Above is the SPU signal produced at 15E by a train of 20 positron 
bunches with 14 ns spacing, 100 mA total current at 5.3 GeV. 

Standing waves can be set up between ion pumps 
with longitudinal slots. Microwaves are coupled 
in/out of the beampipe using the electrodes of a 
beam position monitor. The resonances will be 
multiples of a half-wavelength.

There are Shielded Pickups (SPU) located in 
the same section of beampipe as a Resonant 
TE Wave detector (between two ion pumps).  
The SPU is in a short test section where the 
vacuum surface has been coated with 
diamond-like carbon (the darker section in the 
sketch). The TE Wave region spans both the 
coated and uncoated sections of beampipe.

Above is a comparison of SPU and TE Wave measurements for a 20 bunch train of positrons. The 
thick curve is the total charge deposited in the SPU in a single turn; the thinner, numbered curves are 
based on the TE Wave sidebands of five different resonances. The beam energy is 5.3GeV with a 
bunch spacing of 14 ns (train length 266 ns) and a revolution time T of 2563 ns.

Above is the TE Wave response at 15E when 
resonantly excited. The EC density was measured 
using each of the five frequencies that correspond to 
the first five major peaks.  
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This results in a phase shift
across the cavity.

Detector Signal with Two Bunches

Twenty Bunches

The cavity resonant frequency is 
shifted by the electron cloud.
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Obtain the ratio of the sideband 
to the carrier voltage amplitude
from the difference in dB.
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n This ratio is related to the phase modulation

The EC density can then be calculated from the sideband
amplitude ratio, the cavity frequency and its Q (~3000). 
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Above is the TE Wave signal at 15E produced by a train of 20 
positron bunches with 14 ns spacing, 100 mA total current at 5.3 GeV 
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For the measurement above, the width of the waveguide at the drive point was increased by 3 mm. The plot 
of the lowest resonance (1) shows an exponential decrease in field with distance from the drive point. The 
other resonances are roughly sinusoidal. In an accelerator, this lowest “cutoff resonance” would give a very 
localized measurement of the EC density.

Bead pull measurements were made using waveguide in order to better understand the electric field
distribution of a TE Wave resonance. The change in the resonant frequency of the cavity will be 
proportional to the electric field squared at the location of the bead. This allows E2 to be plotted vs. 
position along the waveguide. Aluminum blocks are placed in the waveguide to generate reflections.

TE Wave Measurements on Waveguide SPU Measurements with Two Bunches
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The SPU signal has a voltage gain of 100 before being sampled with 
an oscilloscope. The signal data is divided by 100 to obtain V

SPU
 , 

divided by 50 (ohms) to obtain a current and integrated over one 
beam revolution period T to obtain the charge deposited per turn. 
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