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Abstract consequences of the ECE as the proton intensityggio
To assess the effects of the electron cloud on Mafhe Fermilab accelerator chain.
Injector intensity upgrades, simulations of the udo
buildup were carried out using POSINST and compared MAIN PARAMETERS
with ECLOUD. Results indicate that even assuming an the main parameters relevant to the electron cloud

optimistic 1.3 maximum secondary electron yielde thgjm iations in the Tevatron and MI are summarized i

electron cloud remains a serious concern for ta@mBd  Tapje 1. Results of the simulations will be presdrand
future operational mode with 500 bunches, 3elloprot jiscussed the following sections.

per bunch. Electron cloud buildup can be mitigated

various ways. We consider a plausible scenarioli Table 1: The main machine parameters during studies

solenoids in straight section and a single cleastrgp Tevatron Main | njector

electrode (like SNEG in Tevatron) held at a pastrf

500V. Simulations with parameters corresponding t Energy 150-980GeV 8.9-120Gev

Tevatron and Main Injector operating conditions at Circumference 6283.2 m 33194 m

!ocat|ons where special el_ectron cloud detec_tovs itngeen RF frequency 53MHz 53MHzZ

installed have been carried out and are in sati@fac

agreement with preliminary measurements. Bunch Intensity 4el0p 6e10 ~30e10 p
Filling Pattern 30 bunches 504 bunches

INTRODUCTION :
. . Bunch Spacing 5.64 m 5.64m
The basic mechanism of the electron cloud effegt

(ECE) is well known for proton storage rings[1].| Bunch Lengtho 0.51m (150GeV) |  0.75 m (8GeV

Eleptrons generatgd by beam induced |on|za.t|onhef t | Beam Sizer 1.2mm(150GeV) | 0.5 mm (8GeV

residual gas, particle loss or synchrotron radiatie.g. — .

LHC at CERN) on the beam pipe are accelerated sicrosElliptical Beam Pipe | 12.3cmx5cm 12.3cmx5cm

the vacuum chamber by the electrosta_tic_ field of ‘& Round Beam Pipe ¢7.6cm ¢-15.2cm

bunched beam. Through secondary emission resulting

from electronic impact, more electrons are emitied Vacuum Pressure 20 nTorr 20 nTorr

acceler_ated_, eventually resulting in an Qvalancﬂfmgte Bend magnet (T) 0.6 (150GeV) 0.1 (8GeV)

Saturation is reached when the beam is neutralored

when the electron space charge field near the sualace
suppresses secondary emission.

Electron cloud buildup around the beam in the vatuu
chamber can reach quasi equilibrium on a relatigélyrt
time scale. The cloud can in turn interact with team
and affect operation of the accelerator throughrbksss,
instability, emittance growth, vacuum pressure éase

and degradation of the beam diagnostic system, etc.

Deleterious effects of the electron cloud have aalye
been observed and/or studied at proton storags sngh
as PSR (LANL), RICH (BNL), SNS, SPS and LHC
(CERN). Substantial resources have been invested
mitigate these problems. In principle, both the atean
(Tev) and Main Injector (MI) could be affected hyet
ECE. So far, the operational impact has been minilma
to the Main Injector’s low bunch intensity and the
Tevatron’s large bunch spacing. Neverthelessjaw of
a plan to increase the intensity of the MI much entwr

For the Tevatron and Ml,
generated mostly through ionization of the residgas
and beam loss. An ionization cross section of 2Mtmr
temperature of 300K and an empirical value of at®ut
lost protons /s during bunch traversal are assumed.

Since the secondary electron yield is a determinant
factor, precise measurements are very important.

primary electrons are

Used FNAL S/S Beam Chamber, Flat Side
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meet the requirements of the Proton Driver Propgct] Figure 1: Secondary electron yield measured f@mapge
nd of the MI stainless steel vacuum chamber

ECE has become a major concern. Beam studies a
simulations are being carried out to understandsiptes

*Work supported by the U.S. Department of Energgtarrcontract No.
DE-AC02-07CH11359

For both Tevatron and the MI, the vacuum chamber is
made out of stainless steel. Samples of beam pgre w




sent to SLAC[3] for SEY measurement and surfac&ith an intensity of 30e10 proton/bunch, the electine

composition analysis. One of the measurementsdsish density saturates at a level four times higher whgnis

in Figure 1. The maximum yield4,,) reaches 1.9, at a increased from 1.3 to 1.5.

corresponding incident energy of 300eV. Thesaiesl .

are used by the simulation code to parametrizetailele ECE in bend magnets

model of the SEY behavior. To account for the fioett Almost 95% of the Ml is filled with magnets, mostly

the SEY decreases when the surface desorbs dadittgh bending dipoles. Within these magnets, electrores ar

and beam “scrubbing” via beam particles, electrand confined longitudinally in the vertical plane by rhsor

ions, dmax is slightly scaled down and shifted toward loweimotion. The expected consequence of this confinemsen

energies. an enhancement of the ECE. Figure 3 shows the gaera

electron density versus bunch length predicted by

SIMULATIONSRESULTS simulations. The full bunch length is defined agrfomes

To assess the ECE on proton driver project, extensiof theo of the longitudinal Gaussian bunch.

simulations were carried out in parallel to an ekpental Electron Cloud in Bend
program. Established simulation codes such as EQ,0U
POSINST, PEI and CLOUDLAND were installed locally
to support numerical investigations.

An initial assessment, including a determinatiorthef
threshold for ECE, was performed by M. Furman in
2006[4]. The additional results reported here waeD
obtained with POSINST.
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To maximize acceptance, the MI injection region
fehatures sp_ecial Iarge aperture quadrupoles. Thaura Figure 3. ECE in MI elliptical vacuum chamber withi
cl amber ol_lameter_ in the vicinity of these magnests_hend magnets versus the bunch length.
circular, with a diameter of 6 inches and a special
insertion outfitted with a Retarding Field AnalyA&AF) Even at a low proton bunch intensity of 6el0, the
was installed to measure the electron flux on thentber electron cloud threshold is exceeded for bunch tleng
surface. Results of a simulation of ECE build op & smaller than 0.54m. This implies that the ECE sthoake
geometry corresponding to that of the test inserape place during ramping, where bunch becomes shdrtes.
shown in Figure 2. The simulations were performedé in qualitative agreement with experimental
assuming a low.y of 1.3. For a bunch intensity of 10e100bservations. At bunch intensities such as those
proton/bunch, which the MI currently achieves wéllp-  anticipated in the future, full neutralization isached
stacked bunches, the computed electron line densityen for the lowest achievabfg,,x independently of
grows slowly starting approximately at the $5bunch bunch length.
passage. Comparison with the electron current medsu .
by the RFA[5] for only 84 slip-stacked bunches slaowEffeCt of a clearing electrode
that thed.x =1.3 assumed for the initial assessment was A clearing electrode is a possible way to mitigtte
too optimistic. Setting dmax =1.7 results in better ECE. For both the Tevatron and MI, a special SNEG

agreement with measurements. electrode has been designed for test purposes. S8lBG
metal strip coated with a low activation temperatur
. o oot B Noa0cto, SEvot s _(180’C) NEG getter, provi_ng d_istribut_ed pumping. Kapton
1 " N tocto SEvat s is used to provide electrical insulation from thecyum
Np=30e10, SEY=1.5 I i i I }
A b pipe when a bias voltage is applied for electraachg.
f WWNWM This material can be used under ultra high vacuum

conditions, (1e-11 Torr) and can also safely beetat
150°C. It can withstand approximately 80KV/mm.
Overall, the design is simple, and simultaneousbyides
vacuum pumping and electron clearing functionaitie
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Figure 2. The started even at bunch intensity efl00
proton/bunch for low SEY=1.3 = Feedthrough

Figure 4. Clearing Electrode Design




The electrode design is illustrated in Figure 4eThin g, =1.3 everywhere, the electron density is ten times
strip is held down by the electrical feed-througinsl by stronger in a bending magnet than a field freeomgi
gravity. The Kapton layer providing insulation isHistorically, the CO section has experienced worse
approximately 0.5 mm thick. For the purposes ofacuum then the rest of the machine, and is pléusiiat
simulation, the electric field in the vertical ptans due to adsorbtiondmay is significantly higher in that
assumed to be uniform. While field distribution bin  region. This might explain why a significant vacuum
principle be modeled more accurately, a uniforump was observed at CO while the RFA in the spigcia

approximation was deemed adequate, given all therot instrumented B49 drift space detected no electuoreat.
uncertainties.
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Figure 5. ECE can be suppressed by the 500V ctparin Figure 7. The ECE for 30 proton bunches in Tevatron

electrode in the beam pipe.
DISCUSSIONS

Simulations predict a bunch intensity threshold.eil
proton/bunch, assuming the lowest possible SEY) fbr3
Effect of a solenoidal field a SS vacuum chamber. For the planned 3ell Ml iityens
fqroet, mitigation measures are essential. A coatiain
of clearing electrodes within magnets and solendids
v\ﬁeld-free regions appears effective. Using NEGtba

electrode material should provide some overall

improvement in Ml vacuum. The SNEG clearing

electrodes may also prove effective in the CO megibthe

Tevatron where the ECE and vacuum are worse.

Calculations show that holding the clearing eled¢rat
a potential of 500V is sufficient to suppress tieE:

The magnetic field of solenoid magnet has prove
effective to suppress the ECE in field free regiats
KEKB and in some other machines. A relatively lo
magnetic field confines the electrons longitudipadind
prevents them from hitting the walls. Figure 6 shaie
effect of a solenoidal field and compares its d@ffeness
to that of a clearing electrode. A field of approziely
50 G is adequate to suppress the ECE.
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