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Abstract

We simulate electron cloud build-up in a grooved vac-
uum chamber including the effect of space charge from the
electrons. We identify conditions for e-cloud suppression
and make contact with previous estimates of an effective
secondary electron yield for grooved surfaces.

SUMMARY OF WORK

Corrugating the interior of a vacuum chamber with small
grooves is one of the possible remedies currently investi-
gated for suppressing the electron cloud accumulation in
storage rings. Analytical and numerical modelling of the
interaction of electrons with grooved surfaces have indi-
cated the effectiveness of this technique and accelerator-
based experiments to confirm these results are planned or
already underway. Previous simulations [1, 2, 3] so far have
generally aimed at determining an effective secondary elec-
tron yield (SEY) by considering a beam of monochromatic
electrons (primary particles) impinging on the grooved sur-
face and keeping track of the electrons (secondary parti-
cles) emerging from the groove regions – a setting typi-
cal of laboratory bench measurements where an effective
SEY can easily be determined as a function of the energy
of the primary electron beam. In the work described here
we are interested in a direct characterization of the elec-
tron cloud build-up in the vacuum chamber of an operating
accelerator in the presence of both the driving beam and
space-charge from the electrons. This will be useful for a
closer comparison between current e-cloud modelling and
accelerator-based measurements.

We carried out our work by augmenting the current ver-
sion of the code POSINST to include the option to follow
the electron dynamics in the presence of grooves. Electron-
surface collisions and secondary electron production fol-
lowing those collisions are modelled using the modules al-
ready built in POSINST [4]. At present we have a provi-
sion to simulate rectangular cross-section vacuum cham-
bers with triangular grooves located on the top and bottom
sides – closely reproducing the configuration a proposed e-
cloud experiment at PEP-II. The steepness angleα of the
triangular grooves as well their height (see Fig. 1) are input
parameters controlled by the user. An option to include
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rounding of the groove tips has also been implemented.
Space charge from the electrons is included in the model.
However, at present the electric field lines are terminated
on a hypothetical smooth surface immediately behind the
grooves thus neglecting possible field enhancement by the
groove tips.

Figure 1: Triangular grooves (with sharp tips) are charac-
terized by steepness angleα and heighthg.

We illustrate POSINST new features by showing an ap-
plication to the ILC positron damping ring (DR), for which
electron cloud is a very serious concern. There is wide
consensus that the current baseline specifications for the
ILC DRs can only be achieved if effective e-cloud suppres-
sion techniques can be developed beyond levels currently
demonstrated. Failure of doing so could result in substan-
tial increase in cost (e.g. the installation of an additional
damping ring) or degradation of the collider performance
[5].

Grooves reduce the effective SEY by increasing the
probability that immediately after production secondary
electrons may be rapidly reabsorbed through wall colli-
sions and therefore prevented from contributing to multi-
pacting. The effectiveness of the grooves strongly depends
on the geometry. For triangular grooves the existence of a
critical angle for effective suppression of the electron cloud
can be clearly extracted from Fig. 2. The picture shows
the maximum linear electron density accumulated during
the single passage of a 111-positron bunch train through
one of the ILC DR dipoles as a function of the triangu-
lar grooves steepness angleα. The bunch train is0.68 µs
long, for a6.1 ns separation between bunches. The bunches
have a population of2 × 1010 and sizesσx = 0.62 mm,
σy = 8 µm, σz = 6 mm (this is smaller than the current
baseline valueσz = 9 mm). The magnetic field in the



Figure 2: Maximum linear density of electrons accumu-
lated during a passage of a train of positron bunches in
a ILC damping ring dipolevs. steepness angleα of tri-
angular grooves (with sharp edges). Al chamber with
δmax = 1.75.

dipoles is about 0.2 T. The calculation is for grooves height
hg = 1 mm and the model of SEY adopted was that of Al,
with maximum SEY set toδmax = 1.75.

A drop in electron density by about two orders of mag-
nitude compared to the smooth-chamber case is seen to oc-
cur for steepness angleα larger than75◦. For shallower
angles the electron accumulation is increasingly larger, ap-
proaching and in fact slightly overtaking the electron cloud
density for a smooth surface whenα < 45◦. This latter be-
havior is not implausible. It is a basic property of the model
employed in the calculation that the SEY is minimum for
electrons hitting the surface at a normal incidence. At a
smallerα the grooves become ineffective at capturing the
secondaries and the effective SEY may become larger if on
average the primary electrons hit the surface off the local
normal.

To make contact with previous studies we extracted an
effective max SEY from our data by making comparison
with the electron density we would obtain in a smooth
chamber as we vary the value ofδmax for the smooth sur-
face. An effective yield corresponding to a givenα is then
defined as thatδmax producing the same maximum e-cloud
accumulation in a smooth chamber during the passage of
the same train of positron bunches. The result is shown in
Fig. 3 where the effective max. SEY is plotted as a function
of the steepness angleα. The curve is reasonably smooth
and again indicatesα ' 75o as the critical angle where
the effective secondary yield crosses into values smaller
than unity corresponding to effective electron cloud sup-
pression.

Our results are substantially consistent with calculations
reported in [1], where for the same groove geometry (and
same maximum SEY for the smooth surfaces) an effective
secondary yield as a function of energy is found to remain
<1 for angles just aboveα ' 70◦. Both the present and
Wanget al.’s findings are somewhat less pessimistic than
those obtained by W. Bruns [3], which indicate that an an-
gle α = 75◦ would still yield an effective SEY larger than

Figure 3: Effective SEY as a function of the steepness an-
gleα as derived from the simulation of e-cloud build-up.

unity; α = 75◦ was the largest steepness angle reported in
[3] but a rough extrapolation from the data shown would
appear to predict a noticeably larger critical angle for a
SEY<1.

During discussions at the workshop it was mentioned
that these discrepancies in the results could perhaps be as-
cribed to differences in the SEY model at low electron en-
ergies. While in the model used by W. Brunsδ(E) is unity
at zero energy [6, 7] (and displays a local minimum at low
energy ) in the POSINST model (and possibly in L. Wang’s
calculations [1]), the same limit isδ(0) ' 0.5 [4]. It is not
unlikely that the capturing properties of the grooves may
be sensitive to the details of the yield curve at small energy
but we have yet to run simulations to test this supposition.

In further calculations we studied the dependence of the
e-cloud suppression properties on groove height and round-
ing of the groove tips. The latter would be a desirable fea-
ture for taming the impact on the beam impedance caused
by the grooves and to ease manufacturing tolerances. We
found that rounding the tips could significantly decrease the
efficacy of the grooves and should therefore be included in
the modelling. More details will be reported elsewhere.

ACKNOWLEDGEMENTS

Assistance from M. Furman and M. Pivi and fruitful con-
versations with W. Bruns, R. Cimino, C. Celata and J-L.
Vay are gratefully acknowledged. Work supported by the
Department of Energy Contract no. DE-AC02-05CH11231

REFERENCES

[1] L. Wanget al. NIM-A 571(2007) p. 588.

[2] G. Stupakov and M. Pivi, SLAC-TN-04-045, SLAC (2004).

[3] G. Rumolo and F. Zimmermann, ”LC e-Cloud Activities at
CERN”, talk presented at the ILC-DR 2006 Workshop, Cor-
nell (2006).

[4] M. A. Furman and M. T. F. Pivi, LBNL-49771, Phys Rev.
ST-AB 5 124404 (2003); and LBNL-52807.

[5] M. Pivi et al., Simulations of the Electron Cloud for Vari-
ous Configurations of a Damping Ring , EPAC06 proceedings
(2006).



[6] R. Ciminoet al., PRL93014801 (2004).

[7] G. Bellodi, CARE-HHH 2004 Proceedings (2004).

This document was prepared as an account of work
sponsored by the United States Government. While
this document is believed to contain correct
information, neither the United States Government
nor any agency thereof, nor The Regents of the
University of California, nor any of their
employees, makes any warranty, express or implied,
or assumes any legal responsibility for the
accuracy, completeness,or usefulness of any
information, apparatus, product, or process
disclosed, or represents that its use would
not infringe privately owned rights. Reference
herein to any specific commercial product,
process, or service by its trade name, trademark,
manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement,
recommendation, or favoring by the United States
Government or any agency thereof, or The Regents
of the University of California. The views and
opinions of authors expressed herein do not
necessarily state or reflect those of the
United States Government or any agency thereof,
or The Regents of the University of California.

Ernest Orlando Lawrence Berkeley National
Laboratory is an equal opportunity employer.


