NSF/DOE Review of the Cesr Conversion Proposal / 2007)

A combined NSF/DOE review of Cornell University&esr Conversion proposal,
henceforth referred to @esrTA, was held at NSF Headquarters on th8 a6d 17" of
July 2007. The proposal requests new funding taterailtra-low-emittance positron
beams in Cornell's Cesr accelerator and use themxpbore electron-cloud (e-cloud)
effects. The intent of these experiments is to shbat the e-cloud effects can be
mitigated, thereby lowering the risk associatedhwite current single-damping-ring
baseline design of the International Linear CoHideC).

The review panelists were: Susanna Guiducci (INE&NA, Janos Kirz (Stony Brook/
ALS), Katsunobu Oide (KEK-Japan), Claudio Pelleg(lnCLA), Marion White (Chair,
ANL), and Frank Zimmermann (CERN). There were thoeesultants to the Panel: Andy
Wolski (Cockcroft Institute - UK), Bill Willis (Caimbia), and Mike Harrison (BNL).
Funding agency representatives participating irs tlaview included Gerald Blazey
(DOE), Phil Debenham (DOE), Marvin Goldberg (NSFaul Grannis (DOE), Lance W.
Haworth (NSF), Jack Lightbody (NSF), Moishe PripstGNSF), Guebre X. Tessema
(NSF), and Jim Whitmore (NSF).

The following elements constituted the Charge woreéview panel: 1) an assessment
of the technical approaches and feasibility ofgihgposal; 2) an assessment of the likely
duration of the proposed work; 3) identificationtbe technical metrics against which
progress can be measured; 4) an assessment ofbgostgutinizing key cost drivers;
5) where appropriate, noting opportunities for gesluctions consistent with meeting the
goals; 6) an assessment of the completeness oéffod, by noting possible items
omitted, and the associated cost and schedule ts)pakc noting the consequences of
increased or decreased funding levels; 8) a digmussf important collaboration,
personnel, and management issues; 9) a discuss$idheoproposal’s flexibility in
response to unanticipated risks; 10) a discussidBE/ART integration issues; 11) a
comparison of this proposal with possible compstitefforts worldwide; and 12) an
assessment of broader impacts such as Educatiamifig and Outreach; benefits to
other accelerator activities.

Presentations can be found at:
https://wiki.lepp.cornell.edu/ilc/bin/view/PublicéSrTA/Proposal/

Panelists and consultants were impressed by thellert quality of the proposal.
Presentations by Cornell staff members were cledirgormative.

Information in this report is drawn from and orgaed around the Panel's written
comments on issues related to the Charge.



Executive Summary

The Panel believes that the R&D described in therT& Proposal is important to
mitigate risk in the ILC positron damping ring dgsiand should be carried out.

The Panel feels that Cornell’'s proposal is the amyg consistent with gaining the
necessary information on a timescale compatibli thié ILC schedule for production of
an Engineering Design Report (EDR) in 2010. Cesals® appears to be the most cost-
effective option available to obtain the requiredead
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Acronym | Definition www.web.addresqif applicable)

ALS Advanced Light Source [at LBNLhttp://www-als.Ibl.gov/

ANL Argonne National Laboratorttp://www.anl.gov

APS Advanced Photon Source [at ANbjtp://www.aps.anl.gov

ART Americas Regional Team [for ILC]

ATF Accelerator Test Facility at KEK, Japdritp://www-atf.kek.|p/atf/

ATF-II At KEK, a scaled model of the ILC Beam Deadiy System to transport,
focus, and control the low emittance beam at agraation point.
http://lcdev.kek.jp/ATE2/

BNL Brookhaven National Laboratorkgttp://www.bnl.gov

BPM beam position monitor

CERN European Organization for Nuclear Researcbn@fr: Centre Européen pour
la Recherche Nucleairg)ttp://www.cern.ch

Cesr Cornell electron storage ring
http://www.lepp.cornell.edu/accelphys/cesr.shtml
http://www.lepp.cornell.edu/Research/AP/CESR/Weblddrml|

CesITA Cesr Conversion Proposal to make a Cesateslerator

CLASSE | Cornell Laboratory for Accelerator Scienaed Education
http://www.news.cornell.edu/stories/July06/CLASSE html|
http://www.Inf.infn.it/esperimenti/sr_dafne_light/

DA®NE | Synchrotron Radiation Facility at the Laboralazionali di Frascati
http://www.Inf.infn.it/esperimenti/sr_dafne_light/

DESY Deutsches Elektronen-Synchrotron [German EdecBynchrotron Lab]
http://www.desy.de

e-cloud electron-cloud

ECI e-cloud instability

EDR Engineering Design Report

ERL Energy Recovery Linac

FNAL http://www.fnal.gov Fermi National Accelerator Laboratory

FP7 Seventh Framework Programme of the Europeann@mity for research,
technological development and demonstration atsyit
http://esqard.lal.in2p3.fr/Project/LolFP7/
http://cordis.europa.eu/fp7/home_en.html

FTE full time equivalent

FY fiscal year

GADGET | Generation And Diagnostics Gear for tiny EmiTtance
http://esgard.lal.in2p3.fr/Project/LolEP7/
http://esgard.lal.in2p3.fr/Project/LolIFP7/ESGARDHOERN-CLIC-
GADGET.doc

GDE Global Design Effort [for ILC]
http://www.linearcollider.org/cms/?pid=1000014

HERA Hadron Electron Ring Accelerator Facility [2ESY]
http://adweb.desy.de/mpy/hera/

IBS intra-beam scattering




ILC International Linear Collidehttp://www.linearcollider.org/cms/

ILC-DR | ILC Damping Ring

INFN National Institute of Nuclear Physics in Italy {Isto Nazionale di Fisic:
Nuclearehttp://www.infn.it/indexen.php

KEK Japanese High Energy Accelerator Research Qrgiaon
http://www.kek.jp/intra-e/

KEKB B-factory at KEK, Japarhttp://www-acc.kek.jp/kekb/

LANL Los Alamos National Laboratorittp://www.lanl.gov

LBNL Lawrence Berkeley National Laboratohttp://www.lIbl.gov

LHC The Large Hadron Collider at CERMtp://Ihc.web.cern.ch/Ihc/

LICAS Linear Collider Alignment and Survey
http://www-pnp.physics.ox.ac.uk/~licas/

NEG non-evaporable getter

PEP-II B-factory facility at SLAC
http://www.slac.stanford.edu/grp/ad/ADPEPII/ADPERtim|

pm picometer

ps picosecond

PS Proton Synchrotron — refers specifically to@iRN-PS
http://ab-dep-op-ps.web.cern.ch/ab-dep-op-ps/
http://documents.cern.ch/cgi-
bin/setlink?base=cernrep&categ=Yellow_Report&id=2003-v3

RF radiofrequency

RFA Retarding Field Analyzers

SEY secondary electron yield

SLAC Stanford Linear Accelerator Centbttp://www.slac.stanford.edu/

SLC SLAC linear colliderhttp://www-sldnt.slac.stanford.edu/alr/slc.htm

SPS Super Proton Synchrotron — refers specifitaltiie CERN-SPS
http://documents.cern.ch/cgi-
bin/setlink?base=cernrep&categ=Yellow_Report&id=2003-v3
http://sl-div.web.cern.ch/sl-div/spspage.html

SPS+ proposed upgrade to SPS for LHC luminosityagsy
http://paf-spsu.web.cern.ch/paf-spsu/

TiN titanium nitride

UCLA University of California at Los Angeldstp://www.ucla.edu/

UK United Kingdom




Electron and positron damping rings are criticangnts in the design of a linear
collider. Collider luminosity is directly determidéby the beam characteristics, namely:
charge per bunch, horizontal and vertical emittanoel average current. Large amounts
of data have been obtained from B-factories anchftbe ATF collider damping ring
model on physical limitations for these paramethrs to collective effects. A great deal
of analysis and theoretical work has been donentdyae and understand the effects
producing the limitations. Using these results #mel current models, it is possible to
design damping rings that allow the ILC luminogital to be achieved.

However, optimization of the damping ring desigrstdl limited by our incomplete
understanding of one effect, the e-cloud instab{ECI), that mostly affects the positron
beam. A complete knowledge of the physics of thdoed effect would allow us to
estimate the feasibility of decreasing the longiall separation between positron
bunches, while still reaching the vertical emitagoal of the ILC positron damping ring.
In practice, this would mean that a single 6.5-kmgl positron damping ring, rather than
two rings, would be needed to reach the ILC lumiyagoal.

The CesrTA proposal is aimed at obtaining the ttanformation that is necessary
to put the decision of one positron damping ringsus two rings on a more sound basis.
This extended knowledge would still be limited toamge of parameters different from
those of the final ILC damping rings, and by anomplete understanding of the e-cloud
distribution around the ring. CesrTA’s beam emitians larger than that of the ILC
damping rings, and the presently-achieved bunchraépn is 4 ns instead of the 3-ns
separation of the single damping ring ILC configima (although there is no
fundamental obstacle to achieving a bunch separafi@ns in Cesr). Other effects, like
intra-beam scattering (IBS), are important for Césbeams, but very much smaller in
ILC damping rings.

Even with these limitations, the knowledge of thelaud effect obtained from the
CesrITA project would be very important for the imiiLC damping ring design choice,
and for the final detailed design of vacuum chamddements and diagnostics that could
be tested in the CESR ring. From this point of viéws important that operation of the
CesrTA ring as a test facility be able to extengdmel the presently-proposed period.

The Cornell group’s scientific and technical knogide is well known, and their
record of achievement in accelerator physics istantling. We believe they will achieve
the main goals of the CesrTA project, thus makingpartant contributions to the
development of the ILC, and to the understandinpa the e-cloud and other effects
limit positron storage ring performance.

The Panel’s responses to the specific charge eksniaiow.

1. Technical approaches and feasibility of the propoda

There are three major components of the propossdi@eproject: 1) measurement
of e-cloud build-up and testing the efficiency @frious e-cloud suppression techniques
in an ILC-like wiggler under ILC-like beam conditis, 2) commissioning the ring with
the new ultra-low-emittance optics, including th@gmostics required to measure the
corresponding small beam size and ring focusinggmees, and 3) studying the effect of



the e-cloud on an ultra-low-emittance positron Butrain, plus associated comparative
studies with electron beams under conditions smhdldhose of the ILC damping rings.

The new features of Cesr for this program arehé)ea-cloud will be measured under
conditions closely resembling those of the ILCtHY e-cloud build up in a wiggler will
be studied experimentally for the first time, 3)pontant dependencies can be extracted
by varying beam conditions - e.g., bunch spacirgnib energy, transverse beam size,
swap between electron and positron beams - witlptitential to answer long-standing
guestions and to disentangle the underlying presgsd) various types of e-cloud
mitigation techniques can be qualified and companea clean, dedicated environment,
and 5) advanced e-cloud monitors will be employeat tan resolve the e-cloud flux at
the wiggler wall as a function of both transvered bngitudinal position.

The goal of the proposed CesrTA program is to destmate 5-10 pm vertical
emittance for a positron beam with synchrotronatidn dominated by wigglers. CesrTA
will be the closest thing to a prototype of the ID@mping Ring (ILC-DR) that can be
available during the EDR phase. The proposing teamrich and extensive experience
with Cesr and Cesr-c in handling the beam orbit@ptits, and they have the knowledge
and skill needed for successful demonstration oé thitra-low-emittance ring
configuration. The proposed upgrade of the beanitippsmonitors (BPM), beam-size
monitors, and feedback systems seems to be adetpuaehieve the goals. Vertical
emittance measurements have been made at KEK/AIrfg @s laser wire, but on a
timescale of hours. The single-pass measuremeirtg wynchrotron radiation in the
x-ray region, will allow avoidance of effects thaight be present in long-time-scale
measurements without admixtures from orbit driflsctuations, or beam oscillations.
Fast optics tuning is also possible.

While IBS will greatly affect the CesrTA emittanci, should not have a major
impact on the ILC-DR. IBS was properly estimated tins proposal, but might
complicate the study of the e-cloud by distortihg beam distribution and causing beam
tail formation. Similar effects can arise from begas scattering and from beam loading
of the RF system.

A wide variety of tuning methods can be used fdradlow emittance. It may be
worthwhile to consider additional methods beyonasth proposed. For instance, active
use of orbit offset in sextupoles to correct betattcoupling/dispersion, and beam-based
calibration of the BPM electrodes may have somatmer

The ultimate goal of CesrTA is to understand analueate the ECI in the very-low
emittance regime; it is the crucial issue affectihg ILC-DR design. The ECI affects
major design aspects of the ILC-DR, including thenber of positron rings, the shape,
material, and surface treatment of the beam pgresthe overall cost.

As the specified vertical emittance of the ILC-DRtwo orders of magnitude less
than existing machines such as B-factories, exlasipa from results at existing
machines could be dangerous, even though no exgbeiation from the conventional
ECI model has been predicted. Development of ntibgatechniques to suppress cloud
formation is also proposed for CesrTA. By usingrbgapes and wigglers that are nearly
identical to the ILC-DR, the development at Cesrmfiay have advantages over similar
tests elsewhere.

The majority of the e-cloud will be generated inséirg beam pipes at CesrTA. It
may be possible to measure the amount and distibof the cloud in these beam pipes



by adding Retarding Field Analyzers (RFA) in seVéraations, as proposed. It will still
be necessary to extrapolate from these measurenmerdsder to estimate the total
amount of e-cloud in the ring. Measurement of thadh-by-bunch tune shift will be a
good method to obtain an integrated, beta-weigtaeshunt of e-cloud at the beam.

Since only the vertical tune shift was nonzero ke tpreliminary tune-shift
measurement data at Cesr-c, the cloud in Cesr mawydve or less uniformly distributed
in the horizontal plane. Such a situation is covedgle if the cloud is mainly caused by
photoelectrons generated at the sides of the béa@s.pAt any rate, distribution of the
cloud at Cesr might be very different from thathe ILC-DR and thus the validity of the
evaluation using the tune shifts might be limit€édis issue is the same for any machine
except the real ILC-DR. Uncertainty in the disttibn of e-cloud from existing beam
pipes and its difference from the ILC-DR may coroaie the understanding and
evaluation of the ECI in the damping ring. Measwramof betatron sidebands could
provide additional information on the ECI besidéw ttune shift and beam size
measurements, and should be included in the ptawilllbe possible to discriminate
between ECI and other instabilities by using tleeiebn beam.

Some instabilities, such as longitudinal microwawel prevent the study of ECI if
they become important and competing effects. Charmqanned for CesrTA should
significantly reduce the vacuum chamber impedamepared to the existing machine.
Estimation of instabilities driven by the chambepedance should be done carefully.
Experience with the SLC damping ring shows thatdowhamber impedance does not
always mean that instability thresholds are in@dasometimes, the opposite occurs.

For the first time, CesrTA will explore the intetan between a beam and an e-cloud
for a positron beam of extremely low emittance.liRrieary tests at Cesr demonstrate
that e-cloud effects are seen with both positrah @ectron beams and that the resulting
tune shifts and beam-size blow up can be measurddexcellent resolution for the
present beam parameters.

The possible observation of an e-cloud-induced shi# with an electron beam, if
confirmed, may be the first such measurement duethe CesrTA and ILC parameter
regimes the beam-cloud interaction is expectedfedd strongly on the transverse beam
size, since electrons perform multiple oscillatiamghe beam potential during a bunch
passage, thereby giving rise to much higher lotzdten densities at the center of the
bunch and to very non-uniform electron distribusionThis highly-pinched e-cloud
increases the effective single-bunch wake field, dilso increases the tune spread and
contributes to Landau damping. The strongly nowlirfeeld of the pinched e-cloud can
also lead to a beam emittance blow-up.

Circumstantial evidence for such an effect may hbeen seen at KEKB while
operating close to the half-integer resonance. T@eswill be the ideal test-bed for
studying the incoherent e-cloud effect, which may the ultimate tolerance for the
acceptable e-cloud density in the ILC damping rilmgparticular, CesrTA will allow
unique studies of the electron-beam interaction lae&m-size blow-up as a function of
the vertical beam size, which will help to explaiéerent effects and their dependence
on the initial vertical emittance. Studies for drént horizontal emittances or at different
beam energies may provide further insight.



2. Likely duration of the proposed work

The proposed project plan and duration seem basiadequate to obtain essential
results in time for the ILC EDR in 2010. E-cloud mitoring and mitigation tests at other
machines give confidence that the time allocatetiejuate to reach this goal.

Optics correction and tuning methods for Cesr ae#l advanced, and significant
emittance reduction should be achievable, as séb#dun 2008. Reaching and
measuring the positron vertical emittance goal @fpin can happen during 2009 after
commissioning of the x-ray monitor, assuming aflestcomponents perform as required.

The schedule to gain enough confidence on e-ahoitigation techniques to make a
definitive decision on a single positron dampinggrfor ILC is tight. Advancing some of
the capital funds forward to FY2008 would pull midtion of essential diagnostic tools
forward, thereby adding some schedule contingeftge panel strongly endorses that
this option be explored by the funding agencies.

Preliminary results on the beam-cloud interactiamd ssome of its parameter
dependencies will be available by mid- to end- 26@9the vertical beam emittance
which has been obtained by that time. Complete adtarization of the beam-cloud
interaction and an agreement with modeling coute tanger, based on e-cloud progress
elsewhere.

The fate of existing positron storage rings in tarld is unclear after 2008, so if
CesITA is not approved there are no other guardn&dternatives. Once CesrTA is
approved, it will be a unique facility that coulce tkept operational through the
construction of the ILC-DR to answer many other amtant ILC questions and help with
further ILC developments.

Possible uses include: testing and qualificatiorpmftotype vacuum chambers and
other components such as kickers, BPMs, and REesvetc. with an ILC-like beam, in
advance of mass production. Development and testhdLC beam diagnostics,
optimization of low-emittance tuning procedures,d atraining of ILC accelerator
physicists and operators could also be carried Ambther interesting test would be to
extract the beam from CesrTA and demonstrate ligasmall emittance can be preserved
in the extracted beam; for unknown reasons, thmoishe case at KEK/ATF or the SLC
damping rings.

The panel feels that the role of this project sdadt be limited to the proposed R&D,
but should be considered with a larger scope towihed construction of the ILC.
Extended use of CesrTA to support R&D needed ferllC requires that no other plan
for the ring be executed during this critical tiperiod.

A potential conflict with plans in the longer-ter(beyond the term of the present
CesrITA proposal) for an Energy Recovery Linac (ERLEZornell must be resolved.

3. Discuss technical metrics against which progress igdbe measured

The first metric is qualification of wiggler vacuuohambers after application of
various different mitigation techniques. This wankludes measurement of the e-cloud
density with RFAs in vacuum chambers with differemtigation techniques (TiN and
NEG coating, grooved chambers, clearing electrodes)d then repeating the



measurements in wiggler chambers at 5 GeV with lik€-synchrotron radiation
intensity. A comparison of these results with measwents at other machines (KEK,
PEPII) and with simulations will enable the teandé&termine if RFAs are adequate.

The second metric is the creation of a low-emittafeam (vertical emittance
5-10 pm) with low-current single bunches and meament with an x-ray beam-size
monitor.

The third metric is observation of e-cloud effeots an ILC-like beam for a well-
characterized electron distribution around the.riflgis part is the most complex, and
details will depend on the findings and the proldeemcountered. Progress could be
measured by comparing predictions and observatBeasm dynamics studies of e-cloud
effects will be performed with witness-bunch measwents of bunch-by-bunch tune
shifts and bunch-by-bunch beam sizes. The datanalokdoy RFA measurements will be
inserted into the simulations to obtain a compétdoud model of the ring and to make
predictions in agreement with the observations.ea@pg the measurements at different
energies and emittances (at different stages dbthiemittance tuning process) will help
in characterizing the e-cloud effects.

4. Assess the costs by scrutinizing key cost drivers

The major cost drivers are the resources for operaind maintenance of the Cesr
machine, including salaries and indirect costs, Hratefore they cannot be reduced
without reducing the scope of the proposal. Redutiiese costs would slow the program
or limit its scope unacceptably. Other costs appebe minimal by comparison.

5. Where appropriate, note opportunities for cost redwtions consistent with
meeting the goals

The main cost component appears to be salariestedimg the duration of the
project would save money, but some time may be ewénl understand and characterize
the observed e-cloud phenomena. Another possibildyld be to schedule shorter runs
in each year, if that were possible and saved modafortunately, shortened runs put
achievement of the target emittance at risk. Stapkration and extended tuning periods
will likely be necessary to achieve the low-emittanbeam, as experience at many
facilities has already shown. Exploiting and mamtgy this unique facility for ILC R&D
seems to be desirable in any event.

The proposed diagnostics for the beam (BPM upgraday monitor) and for the
e-cloud detectors (integral RFAS) appear to beathsolute minimum for reaching the
objectives. The e-cloud diagnostics could ratheextiended to include some other types
of monitors developed at CERN and elsewhere, sa@n\ariable-aperture strip detector,
possibly (in-situ?) secondary electron yield (SEYgasurements for monitoring surface
conditioning, and most importantly, microwave alpsion studies to obtain an additional
measure of the e-cloud density in various parthe@fing.

Extended collaborations could be helpful in meetthg goals. Similar tests of
vacuum-chambers with different e-cloud mitigatieshniques for the LHC proton beam



are foreseen at CERN in the SPS and PS for 2002@0@l in view of the LHC injector
upgrade. Earlier this year, a clearing electrodsaaited in an instrumented CERN PS
vacuum chamber was shown to be effective in supprgshe build-up of e-cloud around
the proton beam. At least the exchange of ideasim@fodmation between these two
projects could be of mutual benefit, if not thenfodesign and preparation of electron-
safe vacuum chambers or the collaborative develapofeadvanced electron diagnostics.
Some additional help could be expected from liredlider related proposals presently
being prepared for the European FP7 program (dlgC-related proposals and
GADGET). In addition, certain beam instrumentatarnparts of it, such as turn-by-turn
BPM electronics or x-ray optics components, couwdsibly be recuperated from PEP-II
and HERA, both of which are in the process of shgttiown.

6. Assess the completeness of the effort by noting gdde items omitted, and the
associated cost and schedule impacts

The CesrTA team presented a well-articulated plan develop the new
instrumentation that is required to carry out thegpam and help make timely decisions
regarding the ILC positron damping ring. The placlides improvement of existing
diagnostic tools and deployment of new ones. Themtgresented a well-planned
timeline for ring improvement, new instrumentatiostallation, and beam measurements.

The Cornell team plans to improve and extend tls¢rumentation on the CesrTA
ring to be able to diagnose e-cloud formation mgrcomponents such as dipoles and
wigglers, and to measure the positron bunch encétaand tune change. E-cloud
formation will be diagnosed using RFAs; they areadly being tested. The RFAs will be
developed to the level needed for insertion in Yeggacuum chambers and other ring
components. The use of RFAs in all ring componentyitical to the understanding of
e-cloud formation and to the ability to model theleud distribution around the ring.

The emittance of a single positron bunch will beamged in a single shot, thus
giving detailed information on the effect. The eamice measurement will be made using
an x-ray beam size monitor that can measure th&écakermeam emittance with a
resolution of about 10 um using synchrotron radrafrom a dipole.

The improved instrumentation is critical to the oeff of lowering the vertical
emittance to the required 5- to 10-pm. The newlstpgss x-ray monitor for measuring
the vertical bunch-by-bunch beam size with ~10-psoligion is an important step
forward in the measurement of beam properties wdmittance rings. This type of
device may become a crucial diagnostic tool noy émi CesrTA, but for the ILC itself.

The instrumentation for alignment of ring composentll also be improved with the
acquisition of a new laser-based alignment sysfins is important to establish the low
emittance configuration.

Additional e-cloud detectors would perhaps be he)uch as microwave absorption
measurements, and an in-situ measurement of thea@Yts evolution with time. The
team might want to consider development of an ieddpnt procedure, e.g. a scan of
beam lifetime vs. aperture, or, even better, a dementary or improved synchrotron-
light monitor to measure the horizontal emittandeaosingle bunch and provide a
complete beam characterization. Measuring the bota# emittance would help to
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extract the vertical emittance from the observedistbek lifetime and it would also
confirm an important beam parameter needed for fimapthe electron-beam interaction.
In the much longer term, after 2011, extractionegkpents could be of interest.

The BPM data acquisition system will be improved atlow turn-by-turn
measurement of individual bunch positions. The mapd instrumentation is important
to gain a full understanding of beam optics in tilmg, including non-linear effects, and
to enable the vertical beam emittance to be redtaée 5- to 10-pm goal.

7. Discuss the consequences of increased or decreaikewling levels

Increased funding in FY08 would allow for timely rphase of the high-priority
equipment required for e-cloud characterization amitigation. Materials purchases
should not be compromised. The panel recommends$h@dunding requested for FY08
be increased by $1M for this reason. The budgets Y09 and FY10 are appropriate.

Significant reduction in the requested funds wquiitl the entire proposed program at
risk. If the consequence of a decreased fundingl les the shut down of Cesr, the
CesrITA project cannot go ahead. The Cornell teasicated, and the Panel basically
agreed, that it would be appropriate to also adub&f@.5 FTE to the FY 08 budget to
reduce the risk of schedule slippage.

Plans for FY11 depend on development of the ILCR&D program and any issues
that may come up as the work progresses. Whilétitlget seems at the right level to
continue to support ongoing activities, it may reguupdating in light of later
developments.

It is difficult to judge whether salary costs cam ieduced and if so by how much.
Shortening the run time would have an adverse ilnpa¢he scope of the program, and
is not desirable.

8. Discuss important collaboration, personnel, and mamgement issues

The proposal involves important and extensive boltations with other groups
involved in ILC-DR R&D. In particular, beam pipes be tested will be fabricated by
LBNL, and RFA electronics will be based on develaps at LANL.

The team should consider greater collaboration ®itropean and Asian partners and
with synchrotron light sourceg-cloud efforts and chamber tests for the LHC amdHe
LHC injector upgrade (in particular SPS+) appeabéocomparable in scope and they
address similar questions, although the work isedimn protons and not positrons. The
relevant LHC and B-factory beam parameters aredravhatically different. Goals of the
SPS+ studies with proton beams are synergistic witbitron studies at CesrTA: 1)
understand the effect of the e-cloud on the bearticplarly its scaling with transverse
beam size and beam energy, and 2) suppress eldxiilokup locally with appropriate
mitigation schemes. Different test chambers willitgtalled at the SPS in 2008 and/or
2009. An electron clearing electrode is operatingcessfully in an instrumented PS
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chamber since spring of 2007. One could think odrisly the design of e-cloud
diagnostics and/or of jointly developing those panft the mitigation hardware that could
possibly be common to proton systems as well agrponssystems. Collaboration within
the next European Framework Program (FP7) may bedafitional possibility. To
preserve this option, it could be prudent for CLAS®S appear as an associated institute
in the relevant EU proposals now in preparationer€hwas an early intention to
collaborate with the Linear Collider Alignment a8drvey (LICAS) group at University
of Oxford/John Adams Institute. Unfortunately, tlisllaboration is no longer feasible
due to cuts in the LICAS program.

Highly-qualified personnel will become availablethvihe completion of the Cesr-c
program. The size of the proposed team is well hetdo the proposed program. The
proposed management system appears to be appedprisie task.

CesrTA may become a joint project between the wmling agencies, NSF and DOE.
The safety policies of one agency may not satisé dther. The subject of safety and
how it will be handled in a jointly-funded projequires further attention by all of the
relevant parties.

9. Discuss the proposal’s flexibility in response tonanticipated risks

The CesrTA proposal is solid and its key componeats in our opinion, be reached
in a timely manner. The required performance of itterumentation needed to reach
these goals is perhaps one of the main risks. Fastble BPMs and beam-size monitors
are essential. The committee was assured that weyd be available. RFAs have
already been used at many machines and should'pesfospecified from the beginning.

CesrTA has adequate flexibility in its beam optgontrol the energy and emittance
almost freely, so the study of the low emittancarbe and ECI can be done with a wide
range of options. Versatility in the bunch-fillingattern will bring more information on
ECI; it will be perfect if the 2-ns bunch spacirggachieved. There is no fundamental
obstacle at Cesr to prevent 2-ns spacing.

Other possible risks and complications can be emnesl, although one hopes they
will not arise: 1) The RFAs may not give the fultjore of the e-cloud evolution and
distribution inside the wiggler, e.g., there aregmetic bottles between subsequent poles
where electrons are trapped and survive for a tong without being recorded by the
RFAs. Or the electrons hit at a location where méARs placed. In such cases more
diagnostics, e.g. microwave measurements, may éeede 2) The e-cloud may not be
suppressed by any of the applied coatings and caunfaodifications, e.g. since both
secondary emission and photo-emission are impodamitributors. Clearing electrodes
may be the only efficient cure. If the first gertera fails, construction and testing of
chambers with additional countermeasures may take time than anticipated. Enamel-
based clearing electrodes presently under developateCERN in collaboration with
German industry could be tried. A proper evaluatidrclearing-electrode impedances
with beam may be difficult, but could be attemptédpedance changes due to NEG
coatings of single insertions have been reporteddweral light sources. It might also be
of interest to try to measure the impedance changa® generally, whenever newly
modified wiggler chambers are installed. 3) Thegearvertical emittance may not be
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reached easily. In that case, e-cloud effects heai $ensitivity to beam size can still be
studied at the larger emittance. But it will them ilmportant for ILC to understand and
overcome the limitations. The change of the beaapasidue to IBS, in particular the
generation of long tails, could affect the beaneglimagnostics. 4) Some of the observed
e-cloud effects may not be understood quickly. &mmple, at KEKB it is not known
where the remaining electrons are located. Solaimgoblem of this type may require
additional electron diagnostics. Winding solenom®r a significant part of the small
field-free regions and observing their effect oa thne shift would quantify the fraction
of the e-cloud in field-free regions and suppoe thodeling.

The ability to slice the x-ray monitor signal lotglinally along the bunch may help
to disentangle head-tail motion from incoherentbigp.

10.Discuss GDE/ART integration issues

ILC Damping Ring R&D requirements were explicitiyentified and prioritized by
the S3 (Damping Rings) working group of the ILC R&Dard.

The CesITA proposal directly addresses 7 of thévity high priority” objectives,
including: e-cloud effects, generation of very-lewittance beams, and ion effects.
Other “high-priority” R&D items, such as the devefent of advanced instrumentation,
are also addressed by the proposal.

The CesrTA proposal is very well aligned technicallith the ILC global R&D
planning. This project, if funded, would be the ardR&D test facility for the Damping
Rings. CesrTA work would be in close collaboratisith other key ILC-ART players,
including SLAC, LBNL, FNAL, and ANL-APS.

Schedule and the availability of resources areelangsues than the technical
alignment with the R&D program appears to be. Tlb€ plobal planning is aimed at
producing an Engineering Design by 2010. This desigll rely on input from the
CesITA program to finalize the damping ring compénd determine whether e-cloud
problems necessitate two positron rings rather tmen

The proposed schedule for the CesrTA program, wdolesistent with the goal of
producing an Engineering Design by 2010, appearshdee very little schedule
contingency in the event that R&D results requi@emachine time than projected.

Although not the focus of this review, it shouldated that the resources needed to
accomplish the CesrTA program are significant andtale of the total ART program.

11.Compare this proposal with possible competitive efirts worldwide

KEKB, HERA, and ATF have been considered at a dldbael as possible test
facilities for low-emittance e-cloud studies.

The KEKB low-energy positron ring is a well-undest machine with advanced
diagnostic instrumentation and software, and aredxgiaff. They can store high current
(~1.6 A) with flexible bunch patterns, and they acperate with a 2-ns bunch spacing.
The optics can be reconfigured for low emittance~2t3GeV (the beam energy for
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physics operation is 3.5 GeV). The study of low+gmice tuning and the dimension-
diluting effects of e-cloud both depend on impletaéon of an x-ray beam-size monitor.
KEKB has long drift spaces wrapped with solenoli fprovide a means to control the
e-cloud density, but there are no ILC-like highdievigglers. KEKB would be a good
candidate, but it is not available for dedicate@rafion as test accelerator until at least
2009. After that, it may be used in a dedicated enfod a maximum of 1 or 2 months but
even that is not certain, because of availabisgues and the need to provide running
costs for those periods.

The circumference of the HERA electron/positrorgrmatches the baseline ILC-DR
design. It is possible to achieve the ILC-DR emitiaat 5 GeV with a modified lattice,
and with some modifications, HERA could be a fufle demonstration of the ILC-DR.
DESY does not plan to pursue this proposal.

The ATF ring is used as a damping ring test facdind it achieves an extremely low
vertical emittance (twice the ILC-DR nominal valu&TF cannot be used for e-cloud
studies with positron beams since it lacks posgranoreover, future ILC-DR activities
would be in direct competition with the extracteshin for ATF 1.

Specific tests and measurements can be done atfathigies to demonstrate ultra-
low emittance (ANL-APS, ALS, KEKB, ATF) and to perm e-cloud studies (PEP-II,
KEKB, DA®NE, LHC, SPS). For example, measurements of e-ajpadith in different
vacuum chambers with various mitigation techniq(iEsl and NEG coating, grooved
chambers, clearing electrodes) are in progres&BtIRand KEKB. These measurements
are performed at a much higher emittance than IIRC-Btudies of mitigation techniques
with the LHC proton beam are ongoing at SPS antbP®e SPS upgrade. They plan to
install several instrumented vacuum chambers atSR& in 2008 and 2009. These
chambers will be equipped to test various mitigattechniques (TiN coating, NEG
Coating, enamel clearing electrodes, grooves). istrumented chamber with clearing
electrodes was installed at the PS earlier this ged demonstrated the efficiency of this
mitigation method. High-priority studies of scalinfjithe ECI with transverse beam size
and beam energy are in progress at the SPS famjdator upgrade.

All of these tests complement the CesrTA progradhienprove our understanding of
e-cloud effects. No other facility can operate dtaneously with positron and electron
beams in the same beam pipe, an important factbeimg able to make the distinction
between e-cloud effects and regular impedance teffédectron and positron operation
also allows for a parallel exploration of fast-igifiects on the electron beam.

CesITA is the only available facility that can pise’ important e-cloud information
on a timescale consistent with obtaining criticgdut for the EDR.

12.Provide an assessment of broader impacts such asuedition, Training and
Outreach; benefits to other accelerator activities

The crucial role played by accelerators in todaggsiety is widely acknowledged.
Cornell has a long and outstanding tradition in #rea of educating and training
scientists in accelerator physics and engineergdarge number of graduate and
undergraduate students are already part of the Clp&igram, and have made
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contributions to CesrTA. The participation of statewill continue to be an important
part of the program. The training of new PhD’she taccelerator physics area will be a
very important product of the CesrTA program. Ivimelp provide the scientific and
technical effort that will be needed for the desigonstruction and operation of the ILC
and other particle-accelerator based projects aaitities. The number of universities in
the US with accelerator physics PhD programs, anerevundergraduate students can be
involved in accelerator physics projects, is vamyted. Cornell is an important member
of this small group of universities.

An operating in-house accelerator provides an umaale training environment for
students and junior staff members. While it is gwesto carry out active and focused
R&D projects with small accelerators, a projecelikesrTA that is based at a university
gives the possibility for students to experience filll complexity and integrated nature
of a fully-functional accelerator with all of itsiter-related and interacting components.
This aspect is made more important by the unfoteurfact that today’s “factory”
machines, with 95% availability requirements an@®5 hours of scheduled user beam
per year, have almost no time available for aca&erphysics R&D and training. These
types of tasks can best be accomplished in projghtye accelerator physics research
and the exploration of new physics and technolagypsimary goals. Substantial studies
time periods need to be dedicated to these aesuviti

E-cloud efforts and chamber tests for LHC and S&$pear somewhat comparable in
scope and address similar but not identical questidhe goals of SPS+ studies with
proton beams are similar to those of CesrTA witifpons, thus, designs of e-cloud
diagnostics for one facility could possibly helpetbther. Joint efforts could also be
undertaken with a view toward development of e-gdloutigation techniques. Positrons
and protons are both positively charged partidbes, what works in one case may not
work in the other; verification must be done fottbtypes of beams.

In the longer term, the benefits of CesrTA to styciare likely to include better
performing proton accelerators, e.g. for cancerajng and light sources with much
higher brilliance. Conceivably, a next generatidnsatellites could be less prone to
failure thanks to improved understanding of thecspeaft charging that can result from
photoemission and secondary emission.
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June 12, 2007
Marvin Goldberg
Frogram Officer,
Experimantal Particle Fhysics
Division of Physics
Chirectorate of Mathematical
and Physical Sciences
Dear Colleagues,

We wish to exiend cur appreciation for your agreeing to serve on the joint DOEMSF
CESR TA Review Panel. The panel will meet on July 18-17 in Room 1020 of the Mational
Seoience Foundation, 4207 Wikson Blvd. Arlington, Virginia. Manon White has agreed o
senve 85 chair. Paul Grannis and | will be the agency representatives.

The LS. funding agencies are in the process of defining RAD for the Intemationat Linsar
Collider, with increased specificity. The role of the Cornell Laboratory in this R&D needs to
be evaluated. To this end, we request that you review the CESR CONYVERSION proposal,
as submitted to both agencies. This review should evaluale the cost, schedule, scope,
technical, and managemant compenents of this proposzal.

Please include in your report:

1. an azsezsment of the technical approaches and feasibility of the proposal.

2. an assessment of the likely duration of the propozsed work.

2. identification of the technical meirics against which progress can be measured.

4_an assezsment of costs by scrutinizing key cost drivers.

5. whers appropriate, noting opportunities for cost reductions conzistent with meeting the
goals.

8. an assessment of the compieteness of the effort, by noting possible tems omitied, and
the azsociated cost and schedule impacts.

7. noting the conseguences of increased or decreased funding levels.

8. a discussion of imponant collaboration, personnel, and management issues.

9. a dizcusgion of the propozal’s fiexibility in rezponss to unanticipated risks.

10. a discussion of GDE/ART integration issues.

11. & comparizon of this proposal with possible competitive efforts worldwids.

12. an azseasment of broader impacts such as Education, Training and Cutreach; benefits
to other accelerator aclivities.

We ask that you provide a final report describing your findings, assessment, and

recommandations by August 1, 2007, We will e happy o answer any QuUesTions you may
have.

Wity

Mlarvin Goldberg
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