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Abstract

The Cornell Electron Storage Ring Test Accelerator ex-
perimental program includes investigations into electron
cloud buildup, applying various mitigation techniques in
custom vacuum chambers. Among these are two 1.1-m-
long sections located symmetrically in the east and west
arc regions. These chambers are equipped with pickup
detectors shielded against the direct beam-induced signal
They detect cloud electrons migrating through an 18-mm-
diameter pattern of small holes in the top of the chamber.
A digitizing oscilloscope is used to record the signals; pro
viding time-resolved information on cloud developmentgigyre 1: Custom vacuum chamber with RFA port and
Carbon-coated, TiN-coated and uncoated aluminum chamgje|ded pickup detectors.
bers have been tested. Electron and positron beams of 2.1,

4.0 and 5.3 GeV with a variety of bunch populations and
spacings in steps of 4 and 14 ns have been used. Here depth-to-diameter factor is chosen to effectively shiblg t
report on results from the ECLOUD modeling code whictetectors from the signal induced directly by the beam, as
highlight the sensitivity of these measurements to the phyghown in Fig. 2.
ical phenomena determining cloud buildup such as the pho-
toelectron production azimuthal and energy distributions Bias +50 V o 10 kO
and the secondary yield parameters including the true seg _ 8-bit

. . . digitizing
ondary, re-diffused, and elastic yield values.
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INTRODUCTION

The Cornell Electron Storage Ring Test Accelerator
(CesrTA) project [1] has been exploiting the versatility
of the 768-m-circumference CESR storage ring to obtaifigure 2: SPU detector design and readout. The 3:1 ratio of
measurements of low-emittance beams and electron clod@pth to diameter of the port holes in the top of the beam-
buildup for electron and positron beams ranging from 1.8ipe effectively shields the BPM-style collector electod
to 5.3 GeV. The program includes the installation of cus(Putton) from the direct beam signal. The 50-V positive
tom vacuum chambers with retarding-field-analyzer (RFApias serves to prevent secondary electrons produced on the
ports and shielded pickup (SPU) detectors of the typeutton from escaping. The signals are typically digitized
shown in Fig. 1. The RFA port is shown on the left end, an#ith 8-bit accuracy in 0.1-ns steps over 100-ns, averaging
two circular SPU modules are shown on the right end of th@ver 8k triggers.
chamber, each with two ports. In one case the two ports are
placed longitudinally, and in the other case the two poes ar Time-resolved measurements provide time structure in-
arranged transversely, providing laterally segmentedisenformation on electron cloud (EC) development, in contrast
tivity to the cloud electrons. Thus the centers of buttoes at0 the time-integrated RFA measurements [2]. However,
0, and=-14 mm from the horizontal center of the chamberthey have relatively primitive energy selection, sinceythe
The ports consist of 169 0.76-mm-diameter holes arrangédve no retarding grid. Also, the position segmentation is
in concentric circles up to a maximum diameter of 18 mmmore coarse, the charge-collecting electrodes being of di-
The top of the vacuum chamber has been machined sugfeter 18 mm. Data has been recorded with biases of 0
that the holes are aligned vertically. The transparency fag@nd +£50 V relative to the vacuum chamber. The stud-
tor for vertical trajectories is 27%. The approximate 3:1es described here address exclusively the data with bias
+50 V in order to avoid contributions to the signal from
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cloud electrons which enter the port holes with low kinetic ok
energy. The front-end readout electronics comprise two L
Mini-Circuits ZFL-500 broadband amplifiers witi €2 in- 005 e :
put impedance for a total gain of 40 dB. Digitized oscil- r . A
loscope traces are recorded with 0.1 ns step size to 8-bit *®[ B A
accuracy with auto-scaling, averaging over 8Kk triggers. A_ws; . |
Figures 3 and 4 show examples of digitized SPU sig-< }
nals produced by two positron bunches spaced 28 ns aparg 0t 517/10Al ) B ; h
Anticipating the following discussion of the interpretati 2 [ SRdos 7.09x10%/m ] 1

S 0125 B R B

of these signals, we note that the time characteristics ofé

-0.15 - R B

0 ;""-\. Lt 0175 - '.'. :' a
-, P . AT
7 L :
-0.025 |- h ol B o B 02~ PR B
. ./ " ¢
-0.05 |- i _ 025 T
. 3 0 10 20 30 40 50 60
s : Time (ns)
0,075 - B : =
3/27/10a-C 1

Figure 4: Comparison of signals recorded in May and De-
cember 2010 in an uncoated aluminum chamber and in a
TiN-coated chamber, whereby the populations of the two
positron bunches ar¢8x10'°. The larger signal in the
uncoated chamber indicates much greater cloud buildup.
Note also that the reduced bunch population relative to
Fig. 3 results in a much smaller signal in the TiN-coated
chamber as well as a different time dependence.
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Figure 3: Examples of SPU signals produced by two
bunches o8x10'° 5.3 GeV positrons spaced 28 ns apart. The EC buildup modeling code ECLOUD [3] has been
Signals recorded in March and December of 2010 fannder active development for the purposes afsHTA
amorphous-carbon-coated and TiN-coated aluminum vasince 2008. Developed at CERN in the 1990s, it has
uum chambers at the same position in CESR ring are corseen widespread application for EC phenomena observed
pared. The chambers have each been well-conditioned hAythe CERN LHC, SPS, and PS, as well as at KEK and
a synchrotron radiation dose of ab®ut 1024~ /m. RHIC. It has been extensively benchmarked [4] against the
2D buildup code POSINST [5] and has successfully de-
these signals carry much detailed information on EC described the EsrRTA measurements of EC-induced coher-
velopment. The leading bunch seeds the cloud and prent tune shifts [6, 7, 8, 9, 10]. ECLOUD includes sim-
duces photoelectrons which drift into the SPU detectoulation algorithms for photoelectron generation, for time
The leading signal is produced by the photoelectrons praticed macroparticle tracking in the 2D electrostatic feld
duced on the bottom of the vacuum chamber, since theypurced by the beam and the cloud, and 3D tracking in a
are the first to arrive at the top of the chamber, acceleratedriety of ambient magnetic fields, as well as for a detailed
by the positron bunch directly at the detector. The secondodel of the interactions of cloud electrons with the vac-
signal peak is larger, since it carries a contribution fronmum chamber surface producing secondary electrons. A
the cloud present below the beam at the time of arrival ofariety of options have been implemented to model the
the second bunch. Since these cloud electrons have be&rsrTA measurements. The azimuthal distribution of pho-
produced by wall interactions during the preceding 28 n$pelectron generation sites for the modeling results pre-
the size and shape of this second signal peak depends sinted in this paper are provided by the recently devel-
rectly on the secondary yield characteristics of the vacuumped photon reflection and tracking modeling code Syn-
chamber surface. The variety of signal shapes and magd3D [11], which calculates photon rates and absorption
nitudes for the two-bunch measurements shown in Figs.s#tes throughout the CESR lattice using a detailed model
and 4 make clear that detailed information on all aspects of the vacuum chamber around the entire ring and a given
EC buildup in different mitigation environments can be obset of vacuum chamber surface roughness parameters. The
tained. Below we describe the numerical modeling whiclphotoelectron generation portion of the ECLOUD code has
instructs our interpretation of these measurements. been generalized to allow admixtures of various power-law



photoelectron energy distributions in addition to the Gaughe bunch population is raised frol6 x 10'° to 6.4 x 101,

sian functions originally provided. The model for the genThe increase in signal arises not only because of the higher
eration of secondary electrons has been generalized to edte of synchrotron radiation photons, but also because of
low the same set of parameters used in the POSINST codke greater beam kick accelerating the lower-energy (and
Response functions for the SPU detector have been impi@ore common) photoelectrons into the detector sooner.
mented. As a function of incident angle and energy, a frad/arying the bunch current therefore allows a momentum
tion of a macroparticle charge hitting the wall in the regioranalysis of photoelectron production. Note for example
of the detector on the top of the beam-pipe contributes tihat the leading edge of the pulse does not come appre-
the modeled signal. The remaining charge can generat@bly earlier for higher bunch populations, indicatingtth
secondary electrons. A contribution to the signal from sedhe photoelectron energy distribution, rather than therbea
ondaries generated on the walls of the 0.76-mm-diametkick, governs its arrival time. Indeed, the 5-eV Gaussian
SPU holes is also calculated. The modeled signal in eadétinction used in many prior ECLOUD simulations, for ex-
time slice thus carries a statistical error associated thiith ample the @srTA coherent tune shift models [9], proved
number of contributing macroparticles. Typicallk10® inadequate to model the SPU signals, since kinetic ener-
macroparticles are generated during the passage of eajbs greater than 1 keV are required to reproduce the lead-
bunch, each macroparticle carrying thousands of electramg edge of the SPU signals. The modeled signals shown
charges. The development of the cloud is calculated in 100 Fig. 5 were obtained by detailed tuning of the photo-
time slices during the passage of the 1-cm long bunch, amdectron energy distribution. It was found that a weighted

in 2000 time slices between bunch passages. superposition of two power-law functions reproduced the
data as shown for beam kicks ranging over a factor of four.
PHOTOELECTRON MODEL Figure 6 shows an example of the individual

) ) ) contributions to the modeled signal of each of the
The SPU signal during the first few nanoseconds fol-

lowing passage of a single bunch of positrons is produced ‘.‘_‘w
primarily by photoelectrons produced on the bottom sur-

face of the vacuum chamber, since it is the surface nearest
the detector where the electrostatic force from the beam
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Time (ns) which provides the observed degree of consistency with the

measured signal shape.
Figure 5: Single bunch signal dependence on positron
bunch population. The small symbols show the digitizetivo power laws, as well as the result of a simulation
SPU signal. The larger symbols with error bars show thicluding both contributions. The power laws are de-
ECLOUD-modeled signal and its associated statistical uiermined by the parameteis,, P;, and P, in the form
certainty arising from counting signal macroparticles inf (Epe) < E[} /(1 + Eye/Eo)". The level of consistency
each time bin. As the bunch population increases, the beamith the measured signal was obtained using a weight of
kick increases the contribution to the SPU signal from pho£8% for a photoelectron energy distribution with peak
toelectrons produced with lower kinetic energy. energy 4 eV and’, = 4, P, = 6 combined with a 22%



contribution from a distribution with peak energy 80 eV T w  we Pl en L
andP1 =4 andP2 = 4. oo o i P - m’i@@ &1
Such detailed information on the photoelectron energy =t S S 1. pA

distribution applies only to photoelectrons produced by - !
photons which have scattered sufficiently often to reach the... 4 i
bottom of the vacuum chamber. In contrast, the SPU mea-... 14 1wl %
surements have not driven the need for such tuning of pho- | ee,=04ev T% | Eg=06ev  }
toelectron energies produced at the primary source point | '
on the radially outward wall of the vacuum chamber. Con-

sistency with the observed cloud buildup is obtained with -
low-energy photoelectron production, such that the beam-| 3 :
kick together with the intense space charge force due to the| 5 it 1 = "
high concentration of electrons at the primary synchrotro “*[ #
radiation impact point dominate the kinetic energy distri—g’ T :
bution. Note also that the quantum efficiencies assumed ™| | % .%T
for input parameters to the simulation are averages over thea:: Eq, =086V {i “T Eqy=tlev .

incident photon energy distribution, which is different fo 1 It
photons having undergone different numbers of reflections, -——+— o] b LT
so the ECLOUD input parameter definitions were general- e e

ized to allow three independent quantum efficiency valuqsigure 7: SPU signal for two 5.3 GeV positron bunches
for photoelectrons: 1) those produced at the primary synys population8x 101° spaced by 28 ns. Each of the four
chrotron radiation impact point on the radially outwardssid figres show the result of a simulation with a different
of the beam-pipe, 2) those produced at the point on the iRgsymption for the secondary emission model parameter
wa_rd side of the beam-pipe opposite the primary Impa%SEy, which determines the production kinetic energy
point, where most absorbed photons have undergone a Sifistripution for electrons produced via the true secondary
gle reflection, and 3) those produced elsewhere. Finally, Weyission process in interactions with the vacuum chamber
checked that the introduction of high-energy componentgrface. The sensitivity to the cloud position and energy
in the photoelectron energy distributions did not affeet thgjsiripution at the time of the passage of the witness bunch

level of agreement obtained previously with the cohereny;oyides a lower limit on this parameter with a sensitivity
tune measurements, i.e. the tune shift modeling is insepatier than 0.2 eV.

sitive to the photoelectron energy distribution for saaite
photons.
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tribution. The distribution is parameterized ASFsq.) x

Esee exp(—Fsec/Esgy). The arrival time of the signal
SECONDARY PRODUCTION MODEL from the witness bunch sets a lower bound on the assumed

The SPU signal from a witness bunch provides sensitiv/@lue of Esey with a sensitivity better than 0.2 eV.
ity to the development of the cloud produced by the first We also found an upper limit on the paramefgfey
bunch, including secondary electron production. The witto be imposed by the late tail (40-80 ns after the bunch
ness signal includes contributions from cloud electrons ipassage) of a single bunch SPU signal. Values below
the region between the beam and the bottom of the vacuulisey = 1.2 eV resulted in a broad late tail from photo-
chamber, and so will be greater in magnitude and earli@ectrons produced on the outside of the vacuum chamber
than the signal from the leading bunch. The cloud popwhich is not observed in the measured signals. Since the
lation in the region of signal sensitivity depends directlysensitivity was again found to be about 0.2 eV, these two
on the kinetic energy of the cloud electrons, both the ph@@henomena provide a remarkably tight constraint on the
toelectrons and the secondary electrons. At a time in th@goduction energy distribution for true secondary elewro
cloud development when a substantial fraction of the cloud Such measurements of the time dependence of EC de-
electrons have undergone a single wall interaction, the enelopment afford discriminating power between the three
ergy distribution will be sensitive to the production enercomponents of the secondary yield model, since they are
gies of the true secondaries. At later times the cloud esensitive to the energy distribution in the cloud, and there
ergy distribution is stabilized by the predominance of €lagfore to the relative probabilities of the types of wall irger
tic wall interactions. tion, each of which produces secondaries of characteristic

Figure 7 shows an example of the model sensitivitgnergies. Figure 8 shows a typical example of the yield
to the true secondary energy distribution. Two 5.3 Ge\¥urve and emitted energy distributions of the secondary
positron bunches of populatiofix10'° separated by 28 emission model implemented in ECLOUD. The secondary
ns provided the signal shown in the four figures, each ofield values in this example are typical of uncoated alu-
which also shows the ECLOUD model with differing as-minum: 1.4, 0.2, and 0.4 for the true secondary, re-diffused
sumptions for the true secondary production energy dignd elastic processes, respectively. At low incident gnerg



P T SRS SRS, rameters. These studies are a subset ofrtisiu vacuum
sb ] chamber comparisons in the same radiation environment

g _— ] (i.e. the same place in the CESR ring) for the case that

2 E the same chamber was left in place. The two regions in
s g E CESR equipped with SPU detectors differ in radiation en-
— W w T wm  wm we vironment, since the dominant source points are in dipole
magnets of differing strengths. At 5.3 GeV, for example,
the source dipole field is 3 kG (2 kG) in the west (east) re-
gion for a positron beam, resulting in a critical energy of
5.6 keV (3.8 keV). In addition, the distribution of reflected
photons differs. By comparing SPU signals recorded at the
same place in the ring with the same beam energy, bunch
spacing and bunch population, many systematic contribu-
tions to the comparisons are avoided, and relatively simple
changes to the modeling suffice to quantify the different
properties of the vacuum chambers.

The first example of beam conditioning effects we stud-
ied was the case of an amorphous-carbon-coated aluminum
Secondary Kinetic Energy Distribution (eV) chamber. Figure 9 shows signals recorded in May and De-

] o ) cember 2010 for two 5.3 GeV 28-ns-spaced bunches each
Figure 8: Example of the secondary emission model 'mplec'arrying4.8>< 10'° positrons, corresponding to a bunch cur-

mented in the ECLOUD code. The top plot shows the totghnt of 3 mA. During the intervening time interval, CESR
yield curve including the contributions from the true secy,oq operated at high current as an X-ray research facil-
ondary, re-diffused and elastic processes. The lower foyt, \yith the consequence that synchrotron radiation dose

plots show the energy distributions of the secondaries i§, the chamber had increased by a factor of about 20
the case of perpendicular incidence for electrons of energy '

112,41, 11 and 3.7 eV.
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bution is independent of energy for energies greater than

a few eV. The true secondary process dominates at high

incident energy, and produces secondaries carrying only a
few eV. The model includes an RMS smearing of 0.3 eV <
for the outgoing energies of the elastics. For purposes oé o
comparison to the discussion in Ref. [13] the secondary(%’ [
electron energies are shown for incident energies of 112§
41,11 and 3.7 eV.

We have found that the relative rate of re-diffused secon-
daries is constrained by the lifetime of the cloud produced
by a single bunch as manifested in the tail of the SPU sig-
nal [14]. A model excluding the re-diffused process under- i
estimates the EC lifetime from a single bunch with a sensi- [ # ECLOUD SEY reduced 25%
tivity better than 10%. Measurements on a bare aluminum S R R
vacuum chamber were best matched with a re-diffused con-
tribution of 20%, in quantitative agreement with the con-

straint provided by models of thee€RTA coherent tune g re 9: SPU signals measured in an a-C-coated chamber
shift data, where the omission of the re-diffused cOmMPQy, \jay (blue dotted line) and December (red dotted line) of
nent resulted in an underestimate of the vertical tune Sh%lO for two 5.3 GeV, 28-ns-spaced bunches each carrying
increase in a strong dipole magnetic field along a train of g, ;10 positrons. The ECLOUD model optimized for
452.1 GeV bunches each carryingx 10 positrons [9].  the May data is shown as blue circles, the error bars show-
ing the signal macroparticle statistical uncertaintiefie T
BEAM CONDITIONING EFFECTS conditioning effect due to an exposure to synchrotron radi-
o ation increased by a factor of about twenty is reproduced by
The good reproducibility of the SPU measurements 0f 5094 decrease in the modeled quantum efficiency for pho-
a time scale of months has provided the ability to detetyelectron production (red boxes). A reduction in the sec-

mine details of the beam conditioning process by obsergndary yield of 25% (green triangles) is inconsistent with
ing the long-term time dependence of optimized model pane observed effect.

e ¥
the elastic process dominates, while the re-diffused contr "%I‘w_ ﬂi-;;ﬁ’
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from 8.05x10%% to 1.82x10%® v/m. Also shown is the to 6.23x10%* v/m. Also shown is the ECLOUD model
ECLOUD model optimized to reproduce the May measuresptimized to reproduce the September measurement. The
ment. Since conditioning affects the signals followingreacNovember measurement is reproduced by a 50% decrease
bunch similarly, we can conclude that the change is in thia the modeled quantum for photoelectron production. A
guantum efficiency rather than in the secondary yield. Theduction in the SEY of 50% is inconsistent with the ob-
December measurement is reproduced by a 50% decreaseved effect, since the modeled leading bunch signal re-
in the modeled quantum efficiency for photoelectron promains unchanged. Thus we conclude that the early condi-
duction. A reduction in the secondary yield of 25% is intioning process is similar to one previously measured in a
consistent with the observed effect, since the modeled leadell-conditioned chamber.
ing bunch signal remains unchanged while the measuredFigure 10 also shows the results of a model in which the
signal is clearly reduced. yield valued, for the elastic component of the secondary
In order to investigate the conditioning process for i€ld has been increased from 0% to 20%. The modeled

chamber which had not seen any beam at all, we ink4-ns signal is insensitive to such a change in the elastic
stalled such a chamber in September, 2011, recordib@e'd- In contrast, the two-bunch signals for the case of
SPU measurements as soon as beam operations bedgihins separation shown in Fig. 11 clearly show sensitiv-
These measurements were then compared to measurements
made in November. The synchrotron radiation dose be- OP"

tween the two measurements increased fosf x 102° to 'm

6.23x10%* v/m, corresponding to an integrated beam dose -
increase of abotitx 10~2 to 4x 10> Amp-hours. oo o

Figure 10 shows signals recorded with two 5.3 GeV 14-
ns-spaced bunches each carryingx10'° positrons, cor-
responding to a bunch current of 3 mA. Between the two
measurements the photon dose increased frasix 102°
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- © ECLOUD optimized for 9/27/11 ;@ the other two secondary emission processes.
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[ 4 ECLOUD SEY reduced 50% 1. ¥ ] ity to the elastic yield component, and exclude a value as
osa] T ECLOUD G, raisedfrom0.0t0 023 L b high as 20%. Such a comparison permits the conclusion
: e b e b e e e e |l | |

o s 0 5 % P - P o that the measurements are inconsistent with a condition-
Time (ns) ing effect in the elastic yield of 20%. Such low values for
the elastic yield are characteristic of the amorphous e¢arbo
Figure 10: SPU signals measured in an a-C-coated chadiamond-like carbon, and TiN coatings, contrasting with a
ber in September (blue dotted line) and November (red dogalue closer to 50% required to match the SPU data for an
ted line) of 2011 for two 5.3 GeV, 14-ns-spaced bunchesncoated aluminum chamber [12], as discussed in the next
each carryingt.8x10'° positrons. The ECLOUD model section.
optimized for the September data is shown as solid cyan
circles. The red squares show the results of a model EC LIFETIME STUDIES
in which the gquantum efficiency has been reduced 50%,
matching the November data reasonably well. The green While the awareness of the sensitivity of the SPU mea-
triangles show the result of a simulation in which the peakurements to the parameters of photoelectron production
secondary yield value is reduced 50%. The open blu&as largely motivated by inadequacies of the model dis-

squares show the effect of raising the elastic yield valueovered in its application to recent measurements, the orig
5o from 0% to 20%. inal intended use of these time-resolved cloud measure-



ments was to provide a quantitative estimate of the elasecorded in an uncoated aluminum chamber. The lower
tic yield parameter in the secondary electron yield modetow shows a similar study for a TiN-coated chamber. In
A similar investigation was performed at RHIC [15]. Thethis case the each of the two positron bunches carries a
basic concept is that the mature cloud long after passagepulation of8.0x 10'° and the spacings are 14, 28, 42, 56,
of any beam bunch is dominated by low-energy electron& and 84 ns. The witness signals with longer delays be-
which undergo primarily elastic interactions with the vactween bunches clearly provide good discriminating power
uum chamber wall. for the elastic yield, showing a sensitivity somewhat bette

Figure 12 shows an ECLOUD secondary yield populathan 20%. The optimal value af for the uncoated alu-
tion curve typical of the signal simulations for a carbonminum chamber is about 40%, consistent with the value of
or TiN-coated aluminum vacuum chamber. The true se&0% used in the simulations which successfully modeled
the GesrTA coherent tune shift measurements. In contrast,
these witness-bunch measurements for a TiN-coated cham-
ber exclude values fay greater than 20%.
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0-6; INSTALLATION OF TIME-RESOLVED
RETARDING FIELD ANALYZERS

Time-resolved RFAs (TR-RFA) combine the properties
of SPUs and retarding-field analyzers by providing sig-
nals with time resolution of about a nanosecond from a
il IR N AL B finely segmented collector array and a grid which can be bi-
ased to define variable sensitivity to cloud electron energy
Figure 14 shows the design of four TR-RFAs installed in
the CESR ring in four custom vacuum chambers, each of
which is located at the center of a chicane dipole magnet
E which can apply a field as high as 800 G. The middle grid
E is used to provide the retarding field. There are nine collec-

s _2 " st tors etched on a kapton flex circuit, each connected to an
10 10 10 1 10 10 10 10 .
Macroparticle Energy (V) SMA feed-through. The collectors are biased at +50 V to
prevent secondary electrons from leaving the collector sur
Figure 12: Secondary yield population curve typical of théace. The four chamber designs are chosen to study the EC
ECLOUD model for the SPU signals.The upper plot show#nitigation techniques proposed for the ILC positron damp-
the yield value (ratio of secondary macroparticle charge #9g ring: TiN-coated and bare aluminum, each type with
that of the incident charge) as a function of the incider@nd without grooved lower and upper surfaces.
kinetic energy. The lower plot shows the incident energy Two prototype TR-RFAs were installed in the chambers
distribution. The elastic and re-diffused components angithout grooves in 2012. A bias of +50 V was applied both
shown in green and blue, respectively. The sum of all thrge the retarding grid and the collectors during this test run
components, true, elastic and re-diffused, is shown in rethitial results can be seen in Fig. 15, where the signal from
The three colors are plotted on top of each other, so tibe TR-RFA in the bare aluminum chamber is shown with
upper plot shows primarily blue at low energy, even thoughnd without a dipole field of 790 G. The beam in the storage
the elastic process dominates, as shown in the lower plotting consisted of a 10 bunch train of positrons at 5.3 GeV
with 14 ns spacing. A witness bunch was also included at
ondary yield maximum at 400 eV ranges from a minimuna delay of 112 ns following the train. Without magnetic
of 0.8 to a maximum of 1.1 owing to the dependence ofield, collector 4 (near the horizontal center of the beam-
incident angle. At low energy the yield value is dominategbipe) exhibits the largest signal. When the field is turned
by the elastic interactions with the chamber wall. This casen, all of the signals are reduced in amplitude, but collec-
exhibits a total yield at low energy of 45%, of which 40%tor 4 is reduced more than the others. This suppression of
is elastic. Under the true secondary peak some cases #ire central signal with magnetic field has also been seen in
shown where ECLOUD generates two secondaries eaafeasurements with standard, time-integrating RFAs [16].
carrying half the secondary charge in order to limit theSuch a vertical central depletion zone may be due to the
maximum charge of a macropatrticle. effect of beam bunch kicks increasing the energies of the

Figure 13 shows how the witness bunch studies comloud electrons in the vertical plane of the beam to val-
strain the model parameter for the elastic yiéjd The ues exceeding the maximum of the true secondary yield
upper row shows a scan of the modelgdparameter for curve [17, 18]. Thus model comparisons may provide sen-
six two-bunch SPU signals with spacings of 20, 24, 36sitivity to the yield curve. Development of detector accep-
60, 80 and 100 ns. The two 5.3 GeV positron bunchesince functions in magnetic fields will be important in this
each carry a population @f8x10'°. These signals were modeling project.
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Figure 13: Witness bunch study constraining the model paranfor the elastic yield,. The upper row compares
model results to six superposed two-bunch SPU signals peatly 5.3 GeV positron bunches of populatib&x 101°

in an uncoated aluminum vacuum chamber. The bottom row stimsvequivalent comparison for positron bunches of
population8.0x10*° in a TiN-coated aluminum chamber. The value of the modeltigauameter for the elastic yield

is raised from 0 to 60% from the first to the last column, eximli an optimal value about about 40% for uncoated
aluminum and less than 20% for the TiN-coated chamber stirfac

Ceramic Spacers

TR-RFA Vacuum Chamber RFA Structure Detail

Figure 14: Engineering drawings of &$§RTA time-resolved retarding field analyzer. The two drawimgthe left column
show the 8.9-cm-diameter custom vacuum chamber on whichRRRFAs are installed. The nine collectors are arranged
as shown on the upper right. The interior grid structure ashon the lower right.
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