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Abstract

We report on measurements of electron cloud (EC) in-

duced tune shifts and emittance growth at the Cornell

Electron-Positron Storage Ring Test Accelerator (CESRTA)

with comparison to tracking simulation predictions. The

simulations are based on a weak-strong model of the inter-

action of the positron beam (weak) with the electron cloud

(strong), using electric fields computed with established EC

buildup simulation codes (ECLOUD). Experiments were

performed with 2.1 GeV positrons in a 30 bunch train with

14 ns bunch spacing and 9 mm bunch length, plus a wit-

ness bunch at varying distance from the train to probe the

cloud as it decays. Measurements of the horizontal and ver-

tical coherent tune shifts and horizontal and vertical bunch

size were obtained for a range of train and witness bunch

currents, and compared to simulations.

INTRODUCTION

An increase in vertical beam size due to electron cloud

has been seen in many positron rings (PEPII, KEKB,

DAPHNE, and CESR). A comprehensive summary of EC

studies at CESRTA is given in [1], and a description of accel-

erator physics R&D efforts at CESRTA with the goal of in-

forming design work for the damping rings of a high-energy

linear e
+

e
− collider can be found in Refs. [2, 3]. Our goal

here is to develop a model to predict emittance growth as-

sociated with electron cloud buildup. This model model

assumes that the emittance growth is incoherent. Parti-

cles within a bunch are treated independently and tracked

through the full CESRTA lattice with custom elements in

Bmad [4] that model the positron beam - electron cloud

interaction. EC elements give kicks to the particles based

on electric field maps derived from an EC buildup simu-

lation. The effect of the perturbed beam on the EC is not

included in this weak-strong model. Tunes are computed

using the 1-turn transfer matrix or from the FFT of the turn-

by-turn bunch centroid positions. Vertical and horizontal

equilibrium beam size are obtained from tracking through

many turns (multiple radiation damping times). In order to

test this model, recent measurements were obtained over a

wide range of witness bunch positions and bunch and train

currents.

MEASUREMENTS

This paper focuses on measurements of 0.4 mA (0.64 ×

1010 bunch population) and 0.7 mA (1.12×1010) trains of 30
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bunches followed by witness bunches at various distances

(with 14 ns spacing) and bunch currents. Note that only one

witness bunch was present for each measurement. Bunch-

by-bunch, turn-by-turn vertical beam size measurements

were taken with an X-ray-based beam size monitor [5]. Ad-

ditionally, for the first time we have also collected single-

shot bunch-by-bunch horizontal beam size measurements

using a gated camera [6]. Bunch-by-bunch tune measure-

ments are obtained from FFTs of position data from multi-

ple gated BPMs [7].

Bunch-by-bunch feedback is used on all bunches for size

measurements, to eliminate centroid motion and associated

coherent emittance growth. Feedback is disabled one bunch

at a time for tune measurements. In order to minimize sys-

tematic effects on the beam-cloud interaction due to motion

of the bunches, we do not use external sources to enhance

the oscillation. Thus these measurements rely on the self-

excitation of the bunch centroid. Indeed, under certain con-

ditions the self-excitation produced a low signal to noise

ratio, particularly in the vertical plane.

Figure 1 shows vertical and horizontal bunch sizes, and

horizontal tune shift through a 0.7 mA/b train. Vertical

bunch size grows through the train above a threshold of

≈ 0.5 mA/b. Horizontal bunch size grows through the train

for 0.7 mA/b but not for 0.4 mA/b. Horizontal tune shifts

through the 0.4 mA/b train are small, and more significant

for 0.7 mA/b. Vertical tune shifts are similar in size to the

horizontal tune shifts. Figure 2 shows the measurements

for witness bunches for a 0.7 mA/b train where the witness

bunch current is varied from 0.25 mA to 1.0 mA in 0.25 mA

steps. We see that the witness bunch current has a strong ef-

fect on the bunch size, indicating a contribution of the pinch

effect on equilibrium emittance. Figure 3 shows vertical

bunch size growth in witness bunches for a 0.4 mA/bunch

train at higher currents (up to 3.0 mA). Note that in con-

trast to the 0.7 mA/b train, the 0.4 mA/b train did not have

vertical bunch size growth on its own.

SIMULATIONS

The EC buildup simulation is based on extensions [8]

to the well-established ECLOUD [9] code. The beam size

used in these simulations is ring-averaged and weighted by

the element lengths for either the 800 Gauss dipole magnets

or the field-free drift regions, and roughly 730 (830) mi-

crons horizontally for dipoles (drifts) and 20 microns verti-

cally. The large ring-averaged horizontal size comes from

dispersion effects. In these simulations we clearly see the

“pinch effect” of the beam attracting the EC (Fig. 4). For

the 30 bunch 0.7 mA/b train, the cloud density reaches
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Figure 1: Vertical bunch size (left), horizontal bunch size (center), and horizontal tune (right) through a 0.7 mA/b train.
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Figure 2: Vertical bunch size (left), horizontal bunch size (center), and horizontal tune (right) for witness bunches for a

0.7 mA/b train at various witness bunch currents.
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Figure 3: Vertical bunch size for witness bunches for a

0.4 mA/b train with witness bunch currents up to 3.0 mA.

nearly 3 × 1011 m−3. Electric fields on a grid of ±3σ of

the transverse beam size are obtained for the 11 time slices

as the bunch passes through the cloud. Figure 5 shows these

field maps for a 1.0 mA witness bunch number 33 for a

0.7 mA/b train during the central time slice. Particularly

large field gradients can be observed in this small vertical

region around the beam near the central time slices. Since

the vertical extent of the beam is entirely inside this rapidly

varying cloud charge distribution which shows complicated

structure, it is difficult to obtain accurate EY fields, partic-

ularly at lower bunch currents, at this resolution within a

reasonable amount of time using the current technique.

The particle tracking simulations use a custom beam-

cloud interaction element in Bmad overlayed on the dipole

or drift elements and use the full CESR lattice. The electric

fields from the different time slices are linearly interpolated

to give the value of the fields at the x, y, and t of each par-
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Figure 4: EC transverse charge distributions in the central

region for 11 time slices spanning ±3.5σz as the bunch

passes through the cloud in an 800 Gauss dipole field. Time

increases from left to right, top to bottom.

ticle. Tune shifts shown in Fig. 6 are given by the one-turn

transfer matrix using EC electric fields averaged over the

time slices, weighted by the longitudinal bunch distribution.

Tune shifts were obtained for EC elements in dipoles only,

in drifts only, and in both dipoles and drifts. We see that

for the 0.7 mA/b train, the dipoles (which make up 62% of
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Figure 5: Electric fields from the EC buildup simulations

for a 1.0 mA witness bunch number 33 for a 0.7 mA/b 30

bunch train.

0

1

2

3

4

5

6

0 5 10 15 20 25 30

H
or
iz
on

ta
l
T
u
n
e
S
h
if
t
[k
H
z]

Bunch Number

0.7 mA/bunch train

Measured
Dipoles & Drifts
Dipoles
Drifts

Figure 6: Horizontal tune shift in kHz (to be compared

to the revolution frequency of 390 kHz) for a 30 bunch

0.7 mA/bunch train. Measured data (black squares) is

shown, compared to simulation results for EC elements in

drifts only, dipoles only, and drifts & dipoles (solid orange).

the ring) dominate the tune shift compared to drifts (23%).

We also note that the combined effect of dipoles and drifts

is larger than the sum of their independent effects.

Vertical and horizontal size predictions are currently un-

der development. Beam size growth has been observed un-

der some conditions, though there appears to be a strong

dependence on the numerical accuracy of the electric field

maps. Particularly, due to the small vertical beam size, EY

needs further refinement to the numerical precision with

finer time and spatial resolution, before accurate emittance

growth predictions can be made.

SUMMARY

We have measured horizontal and vertical tune shifts,

and vertical emittance growth that scale with cloud den-

sity, in accordance with previous studies at CESRTA. In ad-

dition, using a gated camera we observed horizontal emit-

tance growth along a train of 30 bunches at 0.7 mA/b. Sim-

ulations show good agreement with data for horizontal tune

shifts through a 0.7 mA/bunch train. Improvements to the

electric field calculation from the cloud are underway, with

studies of vertical tune shifts and emittance growth from the

simulations with comparison to data soon to follow.

REFERENCES

[1] “The CESR Test Accelerator Electron Cloud Research Pro-

gram: Phase I Report,” Tech. Rep. CLNS-12-2084, LEPP,

Cornell University, Ithaca, NY (Jan. 2013).

[2] M. A. Palmer et al., “Electron Cloud at Low Emittance in Ces-

rTA,” in Proceedings of the 2010 International Particle Ac-

celerator Conference, Kyoto, Japan, ACFA (2010), p. 1251–

1255.

[3] G. F. Dugan, M. A. Palmer & D. L. Rubin, “ILC Damping

Rings R&D at CESRTA,” in ICFA Beam Dynamics Newsletter,

J. Urakawa, Ed., International Committee on Future Acceler-

ators, No. 50, p. 11–33 (Dec. 2009).

[4] D. Sagan, “Bmad: A Relativistic Charged Particle Simulation

Library,” Nucl. Instrum. Methods Phys. Res. A558, p. 356–

359 (Mar. 2006).

[5] J. P. Alexander et al., “Vertical Beam Size Measurement in the

CESRTA e
+

e
− Storage Ring Using X-Rays from Synchrotron

Radiation,” Nucl. Instrum. Methods Phys. Res. A748, p. 96–

125 (Jun. 2014).

[6] S. T. Wang & R. Holtzapple, “Single-shot Bunch-by-Bunch

Beam Size Measurements using a Gated Camera at CesrTA,”

in IPAC2016: Proceedings of the 7 International Particle Ac-

celerator Conference, Busan, Korea.

[7] M. A. Palmer et al., “CESR Beam Position Monitor System

Upgrade for CesrTA and CHESS Operations,” in Proceedings

of the 2010 International Particle Accelerator Conference, Ky-

oto, Japan, ACFA (2010), p. 1191–1193.

[8] J. A. Crittenden et al., “Progress in Studies of Electron-cloud-

induced Optics Distortions at CESRTA,” in Proceedings of the

2010 International Particle Accelerator Conference, Kyoto,

Japan, ACFA (2010), p. 1976–1978.

[9] F. Zimmermann, G. Rumolo & K. Ohmi, “Electron Cloud

Build Up in Machines with Short Bunches,” in ICFA Beam

Dynamics Newsletter, K. Ohmi & M. Furman, Eds., Interna-

tional Committee on Future Accelerators, No. 33, p. 14–24

(Apr. 2004).

Proceedings of IPAC2016, Busan, Korea TUPOR021

05 Beam Dynamics and Electromagnetic Fields

D05 Coherent and Incoherent Instabilities - Theory, Simulations, Code Developments

ISBN 978-3-95450-147-2

1709 C
op

yr
ig

ht
©

20
16

C
C

-B
Y-

3.
0

an
d

by
th

e
re

sp
ec

tiv
e

au
th

or
s


