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Electron-Cloud Build-up: Summary*
M. A. Furman{ Center for Beam Physics, LBNL, Berkeley, CA 94720-8211, USA

Abstract SECONDARY ELECTRON EMISSION

| present a summary of topics relevant to the electron- g gectron cloud is a local issue: the chamber geomet-
cloud build-up and dissipation that were presented ¢ and electronic properties are important factors affecting
the International Workshop on Electron-Cloud Effectsyq glectron density. The seed, or primary, electrons may be
“ECLOUD'07" (Daegu, S. Korea, April 9-12, 2007). jmnortant, and their intensity may have strong local fluctu-
This summary is not meant to be a comprehensive regions, The effects of the electron cloud on the beam (insta-
view of the talks. Rather, | focus on those developyjjiies, emittance growth) is a global issue, as these effects
ments that | found, in my personal opinion, especially iNgepend on an integral of the beam traversal through the ma-
teresting. The contributions, all excellent, are posted 'Bhine, typically for many turns. In most (but not all) cases,
http://chep.knu.ac.kr/ecloud07/. the electron cloud build-up is dominated by the secondary
emission yield (SEY)(E,) of the chamber wall, wherg,
OBSERVATIONS is the incident electron energy. If the effect.iv.e SE&Y (ie.,
the SEY averaged over electron-wall collision events over
The electron cloud is observed at all machines where &given time interval) is- 1, there is a strong nonlinear am-
has been looked for, although in some cases it may negéfication of the electron density in time until a saturation
to be triggered by tuning the beam or machine condition§ reached owing to the space-charge forces. The saturation
to deliberately enhance the effect. A RFA electron detedeVel is typically comparable with the beam neutralization
tor has been installed in the FNAL Main Injector (FNAL- level.
MI), which shows a clear electron signal at transition en- Significant progress in measuring and understanding the
ergy, when the bunch length is shortest. Evidence for a8EY and its conditioning was reported by the KEKB group
electron cloud also exists at the Tevatron (R. Zwaska). AS. Kato, M. Nishiwaki), using an in-situ setup. Various
CESR there is evidence for an effect from the electromaterial samples were bombarded with = 5 keV elec-
cloud on the beam both for positron and electron beamgons, their SEY measured in situ without breaking vac-
(M. Palmer). Fairly detailed measurements with dedicategum, and their surface structure analyzed with the x-ray
instrumentation have been carried out at the HCX heavyhotoemission spectrum (XPS) technique. An electron en-
ion facility, including a direct measurement of the electrorergy £, = 500 eV was also used to bombard the samples.
cloud density (A. Molvik, M. Kireeff-Covo). Many new In all cases analyzed (copper, aluminum, stainless steel) it
measuremnts were reported from KEKB (J. Flanagan, Mvas observed that the peak SEY., was reduced down
Tobiyama, K. I. Kanazawa, S. Kato, M. Nishiwaki, H. Jin,to ~ 1 after a dose in the range 0.01 — 1 C/cn?. Con-
T. leiri; see below for further comments) and BEPC (Yditioning of the surface samples due to the electron cloud
D. Liu). Atthe SNS there is no significant electron-cloudplus synchrotron radiation in the KEKB beam chamber
under nominal operating conditions, but dedicated experivas also observed, showing,., 2 1. The XPS analysis
ments with unbunched beams and uncorrected chromatighowed that, in the case of electron-gun bombardment at
ity did show an electron-cloud signal according to expectak, = 5 keV, the surface exhibited graphitization, which
tions (S. Cousineau). At RHIC, the observed electron fluis presumably the reason why,., reached such a low
correlates well with pressure rise, which is due mostly tgalue. Graphitization was not seen in samples exposed to
gas desorption upon electron-wall impact (W. Fischer, Synchrotron radiation from the beam. It seems desirable
Y. Zhang). In tests conducted with zero magnetic field ab repeat the measurementsiz = 100 eV, since this is
the ANKA superconducting undulator, electrons are sus more typical range for the electron-cloud energy. Also,
pected but not conclusively implicated in the measured hetife suggestion was expressed to do the measurement on
load (S. Casalbuoni). Atthe PSR, the “swept” electron sigSS316LN stainless steel samples, not just SS304.

nal decay constant is 60 — 90 us. The suspicionis that A few SEY issues that have been raised in the past [1]
there is a significant source of primary electrons from beafjere not addressed at this workshop, and remain to be clar-
scraping in the quadrupole magnets, and then these el@sd: (1) It would be desirable to measure the secondary
trons move into the neighboring field-free regions owing t@ mission energy spectrum at various incident electron en-
theE x B drift (R. Macek, Y. Sato). ergiesE, in the rangeF, = 10 — 1000 eV and disentangle
Work od by the US DOE under contract DE.ACO2 the three main components, namely true secondaries, red-
*Worl orte e u r - - A
05CH11231. Proc. ECLOUDOT Workshop, Daegu (S. Korea, April 9-1211US€d and backscattered electrons [2]. This is generally
2007), http://chep.knu.ac.kr/ecloud07 a challenging task because the measurement of the spec-
t mafurman@lIbl.gov trum itself conditions the surface. (2) Quantify how the




above-mentioned three components condition with electrathamber and before being measured at SLAC; this would
bombardment dose (probably not at the same rate). An irexplain the large measured valuedgf,. It seems impor-
portant practical issue is to know the fraction of rediffusedant, therefore, to measure the SEY in situ whenever possi-
electrons as a function df,, because these electrons carble.

contribute significantly to the electron-cloud density build- Fully self-consistent simulations (FSCS) remain a chal-
up owing to their broad emission spectrum [3]. (3) Delenge, as they bring in large disparities in the time scales,
tailed studies of the low-energy regioid < 20 eV) of possibly large length scales, and a possible mixture of the
d(Ey), because this region controls the dissipation rate ¢f” and “t” descriptions of the time development of the
the electron cloud in between successive bunches, or ftleam. Progress was reported within the ORBIT code, as
lowing beam extraction: the highei(0), the longer the applied to the SNS (S. Cousineau).

electrons survive [4, 5]. Renewed hope for significantly faster FSCS has recently
arisen owing to a new algorithm (J.-L. Vay), in which the
MITIGATION computation is done in a Lorentz-boosted frame of refer-

ence. By judiciously choosing the relativistiefactor of

Various ways to reduce secondary electron emissidhe boosted frame somewhere in betweéeand the beam
were described. One novel way is to engrave millimiter, it is possible to match the time and length scales of the
- scale grooves on the chamber surface (M. Pivi) runningeam and the electron cloud, thereby alleviating or elimi-
parallel to the beam direction. The grooves supptegs nating the problem of large time scale disparities. A test
by effectively increasing the surface roughness, which trag@ise shows a speed-up of 3 orders of magnitude rela-
the secondary electrons. Although recent preliminary testie to the calculation in the Lab frame with virtually iden-
at PEP-II were inconclusive owing to unexpected confutical results for the beam size evolution. This algorithm
sion from primary electrons emitted by the synchrotron ramnakes the FSCS as fast as the “quasi-static approxima-
diation, there is general agreement that such grooved stien” algorithm. Issues arising from the shifted simultane-
faces will be effective in reducind.¢. Clearing electrodes ity of events, and translating the beam phase space from the
were also discussed as possible electron-cloud supprésosted frame to/from the Lab frame remain to be clarified.
sors for the ILC damping ring. A new concept for clear-
ing electrodes, consisting of thin metallic stripes etched COMMENTS
on an enamel substrate, which is itself coated on the vac-
uum chamber surface, was presented (W. Fischer, sum-The above-mentioned new in-situ measurements of the
mary of ECL2 workshop). While, in general, there isSEY at KEK (S. Kato, M. Nishiwaki) indicate that full con-
high confidence, in principle, in the effectiveness of clearditioning of the SEY (ie.gn..x =~ 1) is readily achieved by
ing electrodes, the actual implementation raises concerfictron bombardment. If so, one might ask why the elec-
such as: What is the operational reliability, durability andron cloud remains an operational problem in many ma-
impedance of the electrodes? What is the fraction of thehines? | don't think that primary electrons, mainly pho-
circumference they can realistically cover? In the case épelectrons, are produced in sufficient numbers to explain
the metal-on-enamel electrodes, what is the percentageafignificant electron cloud effect, except in the KEKB

enamel exposed to the vacuum, and what is its SEY? Woul@sitron ring and, possibly, in parts of the straight sections
the enamel charge up? in PEP-II. In hadron machines, the puzzle is magnified by

the absence of photoelectrons and the practically insignif-
icant source of other primary electrons. Here are some

SIMULATIONS AND BENCHMARKS speculations on how one might reconailg., ~ 1 with

Effort continues on the simulation of the build-up of the? Significant electron-cloud effect:

electron cloud for various machines, with recent focus on ) o

the ILC damping rings (ILC-DRs) (M. Pivi, C. Celata) 1. Lots of electrons accumulate in the magnetic field of
and the proposed Test Accelerator at CESR (CESR-TA) the quadrupole magnets and dissipate very slowly due
(M. Palmer), which will include dedicated wiggler sec- to the_ magn_etlc bottle effect. Evidence _for this accu-
tions mimicking what is expected at the ILC-DRs. Prelimi- ~ mulation exists at KEKB, PSR and possibly the SPS.
nary three-dimensional simulations for the wigglers were
reported (C. Celata), with self-consistent simulations to
come later, in stages of increasing complexity. Simulations
for the FNAL-MI (M. Furman) combined with the above-
mentioned measurements of the electron flux with the RFA3 Hadron storage rings are not as well conditioned as

2. dmax could be smaller£ 1) than typically assumed
while §(0) is larger than typically assumed(() also
~1).

(R. Zwaska) allow one to infef,., = 1.4—1.5. However, positron storage rings because the average electron-
direct measurements of MI vacuum chamber samples car- gl impact energy, is typically lower in the former
ried out at SLAC show,.x = 2, a significant discrepancy than in the latter.

with the inferred value. It appears, however, that the sam-
ples were exposed to air after removal from the Ml vacuum 4. Something else.



None of these speculations seems compelling (except DISCLAIMER

possibly for Item 4!). Rough quantitative evaluations are This d ¢ d t of work
needed before significant effort is invested in them. Item IS document was prepared as an account orwork spon-
2 is based on the premise that eitiier., or 6(0) drive sored by the United States Government. While this docu-

the electron cloud density build-up when the other is ke r?irt]t(ljssbte?eveGd t\? (r:rc])rr::a:]r; go:rerc;‘t |nforrr:1at;ﬁn,rne;trr1]errt_lf_lﬁ
fixed; there are simple reasons and good simulated evi- ed States Lovernment nor any agency thereot, nor The

dence for this [4], and there are measurements that sh gents of the University of California, nor 'any'of their
thatd(Ey) has an upturn a&y — 0 [5]. A possible prob- employees, makes any warranty, express or implied, or as-

lem with this speculation is that the PSR swept—electroﬁumes any legal responsibility for the accuracy, complete-
signal in field-free regions seems to implyEy) ~ 0.5 ness, or usefulness of any information, apparatus, product,
at low values ofF, [6]. On the other hand tr?is d_oeé notOF Process disclosed, or represents that its use would not in-
necessarily contradict(0) ~ 1. Item 3 is i,n turn based fringe privately owned rights. Reference herein to any spe-

on the assumption that low-energy electron-wall collisiongIfIC commercial product, process, or service by its trade

condition the surface less effectively than higher-energ ame_,ltraden:_ilrlz, mapuleict_ltJrer, gr otheere, does not r:jec-
collisions. It seems desirable, therefore, to verify or dis- ssarily constitute or imply Is endorsement, recommenda-

prove this assumption by repeating the KEKB measuréi-on’ or favoring by the United States Government or any
ments with an electron gun at, @, — 100 eV. agency thereof, or The Regents of the University of Cali-

’ ' fornia. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
ACKNOWLEDGMENTS Government or any agency thereof, or The Regents of the
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