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Over the past year dedicated experiments have been PRESENT INSTRUMENTATION FOR

made to characterize the generation of the eleatimnd
in the Cornell Electron Storage Ring (CESR). lesthn
experiments recently implemented multi-bunch tuyn-b
turn instrumentation has been employed to chaiiaeter
vertical beam size blow-up and tune shift for indial
bunches along a bunch train. The turn-by-tur
instrumentation and electron cloud experiments Wl
described in this paper. In addition, this papewviges a
brief overview of the work that has been done tie éand
describes future plans to use CESR as a test aatwle
(CESR-TA) for International Linear Collider (ILC)
Damping Rings research and development. As pahisf
program we plan to study the impact of the electiond

ELECTRON CLOUD MEASURMENTS

A key performance issue for colliding beam or
synchrotron radiation production accelerators SR
is the ability to differentiate between single boes in a
bunch train. To achieve this goal, beam positi@mitors
rEBPM) and vertical beam size monitors (BSM) thah ca
measure the tune and vertical beam size for indalid
bunches on a turn-by-turn basis, have been indtalted
used for electron cloud studies in CESR.

The vertical beam size monitor consists of a Hantama
H7260K 32-channel linear photomultiplier tube (PMT)
array (31.8x7mm) [2]. The sub-nanosecond rise tohe
the PMT allows for digitization of the signal orbanch-

on ultra low emittance beams and will undertak%y-bunch basis. In CESR, the PMT array is used to

measurements of electron cloud growth and supjssi
in the CESR-c wigglers which were selected for th
baseline ILC design.
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INTRODUCTION

The International Linear Collider (ILC) Reference
Design Report (RDR) specifies single electron an
positron damping rings (DR), each with a circumfiee
of 6.7 km [1]. A significant concern for the pasit ring
is the build-up of the electron cloud (EC) and plogential
for electron cloud induced instabilities which damit the
performance of the ring and ultimately the lumimpsi
performance of the collider. Studies carried it the :
RDR indicate that the positron DR is likely to ogmker
above the electron cloud instability threshold ssle
satisfactory mitigation techniques can be demoteddran
the wiggler and dipole chambers. Thus one of tihhdst
research and development priorities for the ILC g¥8up
over the next few years is demonstrating technici
solutions in these chambers. In addition, the darg
extrapolation from conditions in any currently ogtérg
positron ring to those of the ILC damping ringsuiees
that we carefully benchmark simulations of the @t _
cloud growth and its impact on the beam. Therefor;.
experimental studies with parameters more closels
approximating the DR parameters are highly desirabl =
One option for obtaining additional data in a regithat
closely approaches the ILC DR parameters is toyaaut
an experimental program at CESR at the conclusidineo
CLEO-c/CESR-c colliding beam physics program ifyear
2008.
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Figure 1. Vertical distributions from the PMT arsaof a
single electron (top) and positron (bottom) bunch i
CESR.
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measure the vertical profile of individual e+/e-nbhes Figure 3 shows the results from a series of buneh-b
on a turn-by-turn basis. Figure 1 shows the valtic bunch tune measurements where a 10-bunch train of
profile of a single electron and positron bunchOBESR positrons was used to generate the electron cloddhen
where the profile is fit to a Gaussian distributieith a  withess bunches were placed at various distandaside
flat background to determine the mean vertical fomsi the train. The data was taken during 1.9 GeV djmrs
and width of a single bunch. in a lattice with 12 active wigglers. In this cassl
Recent upgrades to the CESR beam position monitosinches were filled to the same bunch current @ @A
have provided the capability for multi-bunch turydiorn — corresponding to approximately 1.233@articles/bunch.
readout [3, 4]. As a result, single bunch tunes ba The tunes of all bunches are plotted relative &ttime of
determined by: i) exciting the bunches with a pdisethe leading bunch in the train. In a simple maafethe
magnet, ii) measuring the position of the exciteddhes interaction between the EC and the beam, the cloud
on a turn-by-turn basis and iii) performing a fasturier density required to produce the vertical tune shiifng
transform of each bunch’s position to determine thehe train isp.~10"Ym*/kHz [5]. We note that the vertical
oscillation frequency (tune) of the individual bines. tune data is consistent with the witness bunchemge
Figure 2 shows the vertical tune for a 10 buncletede  cloud density that decays with a nominal time camnisof
train followed by a 5 bunch witness train thateparated roughly 170 ns. In contrast with the vertical tustaft,

by 56 ns. the horizontal tune shift shows very little varatidown
the length of the train. This observation can xganed
240.4 e+ Vertical Tune I=04mA/bunch by the horizontal distribution of the EC in the uam
chamber [6].
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Figure 2. The vertical tune for a 10 bunch traitiofved —
by a 5 bunch witness train of positrons with a g&38
bunches (56 ns) between the two trains. Note tisétipe Positron Beam (0.75 mA/bunch, 1.9 GeV)
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During the past year a series of experiments haea b é 0.00 E“ *
made using the turn-by-turn BSM and BPM systems to ~ g5 13
quantify the generation of the electron cloud inSBE 010
The operating parameters of CESR during these o :‘T;_?“l
experiments are shown in Table 1. e - .
Table 1: Some CESR Parameters "0 100 200 300 400 500 600
Par ameter Value Time (ns)
Circumference 768.44 m Figure 3. Results of a sequence of witness bunch

Revolution Frequency 390.13 kHz measurements with a positron beam. Each witnesshbu

point corresponds to an individual measurement thigtt
RF Frequency 499.76 MHz bunch trailing the initial 10 bunch train. The iaittrain

acted as a generator of the electron cloud. Thestwere

Harmonic Number 1281 . - . .
measured for bunches in the leading train and iheess

Total possible bunches 183 (=1281/7) bunch in each case. The top plot shows the shift in

Bunch Spacing 14 ns vertical tune of each bunch relative to the leadingch.




The bottom plot shows the same information for thelensities near the beam axis after the end ofrttie bhas

horizontal tune.
Q=202.7 kHz and (¥239.3 kHz.

For comparison with the positron data, the samieser
of measurements was carried out for an electrombea

Figure 4 shows the observed tune shifts for elestro
Note that the sign of the vertical tune shift issistent
with the electron cloud acting on an electron bedror
the later witness bunches, the vertical tune steéftays
with a time constant in excess of 100 ns in a simil
fashion as observed for the positron beam. Alse tiwat
the tune shift of the first few witness bunchesmathe
leading train continues to grow. We hypothesiz this
may be due to the electron cloud equilibrating ighér
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Figure 4. Results of a sequence of witness bunc'i
measurements with an electron beam. Each witnasshbu

point corresponds to an individual measurement thigt
bunch trailing the initial 10 bunch train. Thetial train
acted as a generator of the electron cloud. Thestwere
measured for bunches in the leading train and theess
bunch in each case. The top plot shows the shift
vertical tune of each bunch relative to the leadingch.

The nominal first bunch tunes everpassed. We are starting to investigate this behani

simulation to help understand this observationata.

Figure 5 provides an overlay of the positron and
electron vertical tune data. The magnitude of the
observed tune shift along the leading train forcieten
beam is approximately 1/4hat observed for the positron
beam.
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Figure 5. The graph shows an overlay of the elacamd
positron vertical tune data from Figures 3 and Mote
that the electron vertical tune shift is negative.

In addition to quantifying the tune shift in theepence
of the electron cloud, the bunches’ vertical beaness
were studied. Figure 6 shows plots of a seriegedical
beam size measurements along 45 bunch trains of
positrons for a range of bunch currents. Each point
consists of the average of 200 50-turn samples. A
Gaussian fit to each 50-turn sample provides p@ofil
information. The 50-turn averaging of the PMT signa
mixes the effects of centroid motion and incohelsdm
blowup. Subsequent measurements have demonstrated
that both effects are present after the onset ef th
instability. The onset of the instability in eadase
occurs when approximately 1.5X¥t®eam particles have
preceded the first bunch exhibiting the instahility

In summary, beam measurements at CESR show
evidence for generation of an EC along a trainasfitpon
bunches and the development of an EC-induced
Hstability for bunches at the end of sufficienthitense
rains. Similar measurements with trains of elattro
bunches show tune shifts along the trains whichatse
consistent with the presence of the EC, but witkalkn
magnitude than seen for positron beams. Work is
underway to understand these observations in greate

Ixlziqetail through simulations.

The bottom plot shows the same information for the

horizontal tune.
Q«=203.7 kHz and 241.4 kHz.

The nominal first bunch tunes aver
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Figure 6: Onset of a vertical beam size instabfit trains of 45 positron bunches as a functibbunch current. For
the measurements shown, each point correspontie average of 200 single bunch beam size fits whach fit was
carried out on a 50-turn average of the PMT arigiyass.

ultra low emittances in this mode. In additiore tBESR

THE CESR-TA PROGRAM energy range is 1.5 — 5.5 GeV, allowing key systests
" at the ILC DR operating energy as well the ability
General Description of CESR-TA characterize and differentiate beam dynamics issues

With minimal modifications to CESR, the CESR-TAthrough their energy dependence. Finally, theitgkib
program offers several unique opportunities forydag store both positrons and electrons in the same wiitig
out ILC DR research and development. The goahef t allow species-dependent effects to be clearly
CESR-TA program will be to support key research andistinguished.
development on the timescale of the ILC Engineering A baseline ultra low emittance lattice has beerighes
Design Report (EDR) which is targeted for publioatin ~ where the CESR-c wiggler magnets have been moved to
2010. We intend to offer a program complementarthé zero dispersion regions. A summary of the design
ongoing research program at the KEK-ATF. Such parameters and twiss parameters for the ultra low
program will help satisfy the needs for ILC DRemittance lattice are located in table 2 and figifre
experimental studies as research at ATF begin®dosf respectively. Correction algorithms to achieveaulow
more heavily on beam delivery system studies asgfar emittance and tuning methods to maintain these
ATFE-II [7]. conditions will be studied along with developing

Since CESR is the only operating wiggler dominatethstrumentation to characterize these extreme tiondi
storage ring in the world it provides a benchmaok f Studies of the alignment sensitivities for the CEBR
producing ILC damping ring beams. By configuringlattice indicate that, with a careful program of gnat
CESR for ultra low emittance operation, we will dele alignment, it should be possible to correct thegrin
to explore the onset of EC induced instabilitiesl dine  operate with a vertical emittance of a few to saber
sources of emittance growth for beams with pararséte picometers (< 8 pm at 95% confidence level) [8].
the same regime as those in an ILC DR. Designiestud . .
have been carried out to characterize our abitityttize B€am diagnostics and feedback upgrade for
CESR as a test bed for key ILC damping rings R&p [8 CESR-TA
Producing ILC-like Test Beams at CESR-TA In order_to characterize ultra low emittance beamsare_

) i _developing a fast x-ray camera based on Gallium

The CESR-c damping wigglers are the baselingrsenide (GaAs) diode technology. The fast respons
technology choice for the ILC damping rings dudfteir  times of GaAs photodiodes (30-50 ps) allows for the
large physical aperture, which is critical for thepossibility —of true  turn-by-turn  multi-bunch
acceptance of the positron DR, and their excelfettl  measurements. An x-ray camera offers the podsituifi
quality, which ensures that the dynamic apertur@aih  measuring beam sizes of individual bunches withronic
rings is acceptable [9, 10]. In its low energyesolution not achievable with visible light cameranith
configuration (beam energies between 1.5 and 2¥) Ge, syitable x-ray optics system, this type of devias the
with 12 damping wigglers, CESR operates as a Wigglepotential to make turn-by-turn profile measuremeitall
dominated storage ring. By placing the 12 wigglers punches in a train. Basic components are presbathyg
zero dispersion regions, CESR will be capable atihéng



tested with the help of colleagues at the CornefhH

Energy Synchrotron Source (CHESS).

Table 2: CESR-TA ultra low emittance baselineidatt

parameters
Parameter Value
No. of Wigglers 12
Wiggler Field 21T
Beam Energy 2.0 GeV
Energy Spread)E/E) 8.6 x 10"
Vertical Emittance 5-10pm
Horizontal Emittance 2.25 nm
Transverse Damping Time| 47 ms
Q« 14.57
Q 9.62
Q. 0.075
Total RF Voltage 8.5 MV
Bunch Length 9 mm
Momentum Compaction 6.4 x 0
Trouschek (Ny=2x10° & zero | >10 minutes
currents,=5pm)
Bunch Spacing 4ns

CesrTA Baseline Lattice, E = 2 GeV
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Figure 7. Betatron function and dispersion for diftea
low emittance lattice. CESR-c wiggler magnets \ui

located in the CESR-c
advantage of zero dispersion.

interaction

The bunch spacing specified for the ILC dampingsin
is 3.08 ns. CESR-TA will operate with 4 ns bunch
spacings in order to closely approximate the ILC DR
specifications. Upgrades to the CESR transvershesk
for 4 ns operation have been made and successfully
tested. A longitudinal feedback system upgrade is
currently under development. Longitudinal dynamigi
be monitored using a 2 ps resolution streak caméize
x-ray and streak cameras make it possible to dyanti
transverse and longitudinal dynamics for ultra low
emittance beams.

CESR-TA for International Linear Collider
Damping Ring R&D

A primary focus of the CESR-TA experimental
program will be to implement and test technicalisohs
for mitigating electron cloud growth. Operationgthw
ultra low emittance beams and the ability to fléxib
operate the ring with positron or electron beamd wi
permit detailed studies of electron cloud and iffeats in
a regime approaching that of the ILC DR. The
development and application of advanced diagnostics
techniques for low emittance tuning and maintenamitle
be an integral part of the operational program.oAls
support will be provided for collaborators who wdant
test DR prototype hardware in the CESR ring.

Specific experimental plans include: i) the study o
electron cloud growth and suppression in wigglgrok,
and quadrupole vacuum chambers and instrumentipng ke
sections of the ring with electron diagnostics. cétdly
the first retarding field analyzers to characteripeal
electron build-up in the CESR ring were installégl.
Exploring the range of electron cloud mitigation
techniques including clearing electrodes, coatiagsl,
possibly, grooved chambers. Development is underwa
on vacuum chambers with collectors that can be
employed to characterize electron cloud growth ha t
CESR-c wiggler magnets. iii) Study of beam dynandt
emittance diluting effects due to the electron di@and
fast ion instability. By offering dedicated expeenal
runs along with flexible shutdown periods to inistal
experimental hardware, we hope to provide a flexibl
venue for research by our ILC DR collaborators.

CONCLUSIONS

Recent instrumentation upgrades to CESR have ahable
measurements of bunch-by-bunch tune shifts and beam
profiles along bunch trains of positrons and etawrin
CESR. Measurements of the vertical tune shift for
electron and positron beams are consistent witttrele
cloud build-up along the trains for both speciesn
contrast to the observed vertical tune behaviog th
horizontal tune shows a much smaller variation ddhen
length of each train which can be explained by the
horizontal distribution of the cloud in the vacuum

region to takeéhamber. Witness bunch studies with both beanisatel

a long decay of the cloud with time constants ioess of
100 ns.



For positron beams, we also observe the onset of[2]

vertical instability that moves forward in the traas the

bunch currents are increased. The bunch at whieh t[3]

onset of the instability occurs correlates closgith the
total amount of current preceding that bunch inttai.

Starting in 2008, we hope to begin a dedicated narog

to study the EC with ultra low emittance beams &md [4]

help validate suitable EC mitigation techniques floe
ILC damping rings. A proposal to support this effoas
recently been submitted jointly to the U.S. NSF anel
U.S. DOE.
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