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I ntroduction

The recommendations for the configuration of the ILC damping ringemess$ in this
report are the result of discussions held during a meeting at GiERNbvember 9-11,
2005. The first part of the meeting was devoted to hearing thesre$uletailed studies
of a range of configuration options. These studies were carried autheverevious six
months by nearly 50 researchers, and the results of the studiethéoibmasis on which
the recommendations for the damping rings configuration have been madetaikkd
report of the results of the configuration studies is in progresse, /e simply present a
summary of the issues surrounding each configuration item; an ragsess the risks
and costs associated with each option for each configuration iteme@mmendations
for the baseline and alternative configurations.

The studies of the various configuration options were based on nominaleparand
performance specifications for the damping rings: these spéicifisaare given on page
7. The assessments of the significance of the different ismsexiated with each
configuration item, and the risks associated with the various optioradébritem, were
based on a systematic ranking scheme, given on page 7. We should eenptetsi
although our systematic approach allows a “score table” for theugapptions for each
item to be drawn up, our recommendations were reached through structoessidin,
and not by simply adding up the risk scores for the different optionsun#ber of items
requiring R&D were identified during the discussions at the CERfétimg: these are
given starting on page 7.

The participants at the CERN damping rings meeting on November 9-11W2085%s
follows:
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Jie Gao (IHEP)
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Susanna Guiducci (INFN)
Gilbert Guignard (CERN)
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Larisa Malysheva (Cl/Liverpool)
Oleg Malyshev (ASTeC)
Fabio Marcellini (INFN)
Chad Mitchell (UM)
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Yukiyoshi Ohnishi (KEK)
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Mark Palmer (Cornell)
Mauro Pivi (SLAC)
Ina Reichel (LBNL)
Marc Ross (SLAC)
Dave Rubin (Cornell)
Daniel Schulte (CERN)
Agoh Tomonori (KEK)
Junji Urakawa (KEK)
Jeremy Urban (Cornell)
Marco Venturini (LBNL)
Rainer Wanzenberg (DESY)
Andy Wolski (LBNL)
Guoxing Xia (DESY)



Summary of Configuration Recommendations

Circumference

The positron damping ring should consist of two (roughly circular) riogs

approximately 6 km circumference in a single tunnel. Electron-cédtetts make a
single ring of circumference 6 km or lower unattractive, unlegsifgiant progress can
be made with mitigation techniques. Space-charge effectbavidss problematic in a 6
km than in a 17 km ring, and achieving the required acceptance will lee ieaicircular

ring than in a dogbone ring.

The electron ring can consist of a single 6 km ring, assuminghindit! pattern allows a
sufficient gap for clearing ions. The injection and extraction k&cked ion effects are
more difficult in a 3 km ring than in a 6 km ring. A 17 km ring cowddeeion effects (by
allowing larger gaps between minitrains), but would likely be higost. We have no
recommendation on whether the electron ring needs a separate tonméhér positron
rings.

Although R&D is still required for the injection/extraction kickdos a damping ring
with 6 km circumference, it is expected that existing progravills demonstrate a
solution.

The exact circumference of the damping rings should be chosen, iblpodsi allow
flexibility in the fill patterns and number of bunches in a bunch train.

The feasibility of the baseline depends on:
o further progress with developing techniques for suppressing electron cloud
(positron rings);
e development of a satisfactory lattice design, e.g. (for eleatmuy) with
properties that mitigate ion effects, etc.
e demonstration of kickers meeting the specifications for risetfales, kick
amplitude stability and repetition rate.

Alternatives

1. If techniques are found that are sufficiently effective at sgpprg the electron
cloud, a single 6 km, or possibly smaller, ring can be used for thegmodamping
ring.

2. If electron cloud mitigation techniques are not found that are isutfidor the
baseline positron ring, then a 17 km ring is a possible alternatigeywould require
addressing space-charge and acceptance issues.

Beam Energy

The damping ring energy should be approximately 5 GeV. A loweremengases the
risks from collective effects; a higher energy makes it nwfiecult to tune for low
emittance, and potentially has an adverse impact on the acceptance.



I njected Emittance and Energy Spread

An injected beam with maximum betatron amplitude up to 0.09 m-rad argyepeead
up to 1% (full width) is preferred for the damping rings, over ailigion with larger
energy spread but smaller betatron amplitude. Achieving good offyedgngmics in
the damping ring lattices is likely to be more problematic thaneaing a large on-
energy dynamic aperture. A smaller energy spread is likemprove the margin for the
acceptance of the injected beam.

Alter native

If the acceptance issue can be addressed successfully, adasygy spread on the
injected beam (up to 2% full width) could be accommodated.

Bunch Train Length and Bunch Charge

A train length of around 2800 bunches is preferred because the kickerffema and
electron cloud are easier with a smaller number of bunches. Eléogron ring is
completely filled with no gaps (as may be the case with around 560Gds)rihe ion
effects could be extremely difficult. However, there may vl other acceptable
options with numbers of bunches between 2800 and 5600: further studies are oeeded t
specify the gaps in the fill needed to keep ion effects under control.

If the positron rings (total circumference 12 km in our recommendeédlita)s are
uniformly filled with 2800 bunches, the bunch separation is around 14 ns. Studies
suggest that because of electron-cloud effects, the bunch sepatadidd sot be
reduced much below this; this would prevent operation with larger nurabershches

per train.

It is possible that the fill patterns in the electron and positiogs rmay need to be
different, so as to allow a large bunch spacing between positron buietesise of
electron cloud), and gaps between minitrains of electron bunches (betaws®). This

would require electron and positron rings with different circumfergrened would limit

flexibility on timing solutions.

Alternatives

Increasing the number of bunches beyond 2800 could be possible if electronsaiioud a
ion effects are found to be manageable, and sufficiently fast kickers can be det@nstra

Extracted Bunch Length

A 9 mm bunch would be helpful for mitigating single-bunch collectiveat$f in the
damping rings (except, possibly, in the case of electron cloud), bumra 6unch also
appears to be a viable option.

I njection/Extraction Kicker Technology

The damping ring kickers should be based on “conventional” strip-line kidkeen by
fast pulsers, without use of RF separators. The basic technolaggilisble, and is close
to a demonstration of most of the performance specifications. Bd$tngeparators has
potential cost implications, and could adversely affect the beam dysafar these
reasons, it is preferred to avoid the need for RF separators if possible.



Alternatives

RF separators may prove useful if it is decided to fill thesrimith large numbers of
bunches, pushing the bunch spacing to small values. Studies should be continued, to
understand fully the beam dynamics and engineering issues.

Because Fourier pulse-compression kickers provide a very differenbaapprit is
worthwhile continuing studies to develop a more complete understanding bémiefits
and limitations of these systems.

Damping Wiggler Technology

The damping wigglers should be based on superconducting technology. The
requirements for field quality and aperture have been demonstrateting designs,
and the power consumption is low.

Alter natives

Normal-conducting electromagnetic and hybrid technologies are both wilédxeatives.
Issues with field quality and aperture can be addressed (atsedreast) in wigglers
based on either technology. The power consumption in a normal-conductirgrusga
concern, though this technology could provide a device with potentially besistance
to radiation damage than the superconducting or hybrid options.

Main (Non-Wiggler) Magnets Technology

We recommend that the main magnets in the damping rings beoelagtrets. Using
electromagnets simplifies tuning issues, and allows polarityrsalyee.g. for storing
electrons in the positron ring.

Alternative

Permanent magnets may still be considered as a possibilitigefonain magnets in the
damping rings, if it is decided that polarity reversal is not required.

RF System Technology

Each damping ring should use a superconducting RF system. Comparedrtoad
conducting RF system, a superconducting RF system requires fewiées; (with
advantages for cost and keeping HOMs low); the power dissipatiowes;land smaller
phase transients are expected.

Alternative

A normal-conducting RF system could still satisfy the requiresnémt the damping
rings.

RF Frequency

The damping rings RF systems should use an RF frequency of 500 MHKig.isTa
standard technology; other options would require R&D.

Vacuum Chamber Aperture

A chamber diameter of (not significantly less than) 50 mm inaties, 46 mm in the
wiggler and 100 mm in the straights is required. The wigglemblea needs a large



aperture to achieve the necessary acceptance, and to suppress electd build-up.
The large aperture also reduces resistive-wall growth i@tesgases the requirements on
the feedback systems.

Vacuum System Technologies

Recommendations on the various options for the vacuum system technotegyes @
be made.



Summary of Further R& D Requirements

Circumference

Basdline:
e Techniques for mitigating electron cloud to acceptable levels are needed.
e A lattice design is needed that simultaneously satisfies mmgamts for
acceptance and beam stability, and can be tuned easily for low emittance.

Alternative 1 (single 6 km positron ring):
e Techniques for mitigating electron cloud to acceptable levels are needed.
e A lattice design is needed that simultaneously satisfies mmgamts for
acceptance and beam stability, and can be tuned easily for low emittance.

Alternative 2 (17 km positron ring):
e Techniques for suppressing space-charge tune shifts without drivingbetad
synchrobetatron resonances are needed.
e A lattice design is needed that simultaneously satisfies esgamts for
acceptance and beam stability, and can be tuned easily for low emittance.

General R& D requirements

e Kickers that simultaneously meet specifications on riseffalk t pulse rate and
stability need to be demonstrated.

e lon instabilities are a concern in the electron ring.

e lon-induced pressure instabilities in the positron ring need to be addressed.

e A range of classical collective instabilities need to be prgpertlerstood, with
analysis based on a detailed impedance model.

e The effectiveness of low-emittance tuning techniques need to be assessed.

I njected Emittance and Energy Spread

Basdine

Studies of the positron production indicate that an injected full-widthggrspread of
1% should be achievable; however, a thorough investigation including mreatistiels
for collimators, energy compressors etc. is still needed.

Alter native

A lattice design is needed that shows an energy acceptancgowithmargin beyond 2%
full-width, while satisfying other requirements.

Bunch Train Length and Bunch Charge

Studies are needed to determine:
e the minimum bunch spacing needed to keep electron-cloud effects under control,
e the minimum gap between minitrains needed to keep ion effects under control.

A demonstration is needed of kickers meeting the specificationsofapgie to each
option for the number of bunches in a bunch train) for:



e pulse rise and fall times;
e kick repetition rate;
e kick amplitude stability.

Extracted Bunch Length

Studies of bunch compressors suggest that a 9 mm bunch from the damging r
acceptable, for a final bunch length of 30t. Thorough studies, including tuning
simulations for emittance preservation are in progress. Studesaof dynamics effects
in the damping rings with bunch lengths between 6 mm and 9 mm are nheeplehtify
the benefits (and drawbacks) of longer bunches.

I njection/Extraction Kicker Technology

Basdine

Kickers need to be demonstrated meeting all specifications for:
e pulse rise and fall times;
e pulse repetition rate;
e kick amplitude stability.

Alternative 1 (RF separators):

The beam dynamics and engineering issues associated with thep&fatsrs scheme
need to be fully understood, and limitations overcome.

Alternative 2 (Fourier pulse-compression kickers):

A more complete understanding is needed of the technical issues invol¥edirier
pulse-compression kickers.

Off-Axis I njection

The usual operation mode of the damping rings requires on-axis injectia, prevents

accumulation of current by stacking charge within RF buckets over tnamy. Most

conventional storage rings - e.g. in synchrotron light sources - usgisfinjection, in

which radiation damping is used to merge injected (off-axis) ehaitp stored (on-axis)
charge. The availability of off-axis injection would be of beniefihe damping rings for
commissioning and tuning; a high beam current could be stored in the danmgsg
even with an injector system operating at less than full cgpacitvith a separate, low-
intensity source.

The possibility of designing the injection system of the damping imgperate in either
on-axis or off-axis mode should be investigated.

Damping Wiggler Technology

Basdline

The CESR-c wigglers have demonstrated the basic requiremerttsefdrC damping
ring wigglers. Designs for a superconducting wiggler for thepilagnrings need to be
optimized.



Alternatives

Designs with acceptable costs for normal-conducting electromeagaetl hybrid
wigglers need to be developed, that meet specifications for apandrigeld quality. In
the case of a normal-conducting electromagnetic wiggler, thgrdatso needs to show
acceptable power consumption.

Main (Non-Wiggler) Magnets Technology

Basdine

Designs for electromagnetic dipoles, quadrupoles etc. should be $traigintl, but still
need to be developed.

Alternative

The problem of polarity reversal needs to be addressed. A demamsisatieeded of a
permanent magnet with good tunability and resistance to radiation damage.

RF System Technology

The basic requirements of the superconducting RF systems for tipgndammgs have
been demonstrated in existing machines, e.g. KEK-B. A full syspeification, design
and optimization are needed.

Vacuum Chamber Aperture

Even with a large aperture chamber in the damping rings, a bunch-by-faeutiack
system will be needed in the transverse and longitudinal planes tcessipmupled-
bunch instabilities driven by the resistive-wall impedance. Although required
performance of the feedback systems should be within the rangesthg@xechnology,
studies are needed of the level of residual beam jitter, and possible emittanite grow

Vacuum System

A number of issues regarding the vacuum system remain to be addressed, including:
e What are the required levels of residual gas pressure needed to avoid ion effects?
e What kind of chamber preparation (NEG coating, TiN coating, groovesigtc
needed for suppressing electron cloud, and what are the implicationf®re.g.
impedance?
e Can (or should) clearing electrodes be used to suppress electron claad or
effects?
e What length of time is allowed by the commissioning schedule for tonitig
the vacuum system in the damping rings?
Further studies are needed to resolve these issues.



Nominal Parameter and Perfor mance Specifications

Baseline Alternative (1)|]  Alternative (Il)
Bunch train length 2820 5640
Train repetition rate 5Hz
Injected bunch separation 330 ns 165 ns
Maximum injected normalized betatron amplitud®’(e| 0.09 m-rad
Injected full-width energy spread’je 1%
Normalized injected transverse emittance, rmjs (e 45 um
Injected energy spread, rms)(e 0.1%
Injected bunch charge 2x10'° 1x10™
Extracted bunch separation 330 ng 165 ns
Extracted bunch charge 2x10™%° 1x10"°
Extracted normalized horizontal emittance 8um
Extracted normalized vertical emittance 0.02um
Extracted rms energy spread 1.4x10°
Extracted rms bunch length 6 mm 9 mm
Maximum extracted vertical jitter 0.1

! The normalized betatron amplitude is definedasA, where:

A _

__yxX2+2axpr +ﬂxpf

/4

and similarly forA,. yis the relativistic factor, ana, S, % are the Twiss parameters.
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Ranking of I ssues and Risks

The significance of the issues relevant to each configuration item are rankddvas. f

Rank | Meaning

This issue:

A e s critical to the corresponding item in the configuration decision;
¢ has significant technical, operational or cost implications associated ;with it
e is likely to be a key consideration in choosing between the various optio

B This issue is important for the corresponding item in the configuratecision
but should not be considered a decisive factor.

c This issue has only a minor impact on the corresponding item in the

configuration decision.

The risks associated with the various options are ranked as follows:

tudies

em

Rank | Meaning

1 The performance requirements of this option have been demonstrated, or s
indicate little risk.
Some R&D is required to demonstrate performance requirements, but with

5 likelihood of successful outcomer,
low technical risk, and a practical fix will likely be found in event that a probl
occurs.

3 Significant R&D is required to demonstrate performance requirenwnts;
high technical risk, with likelihood to cause ongoing problems.

4 There is unlikely to be an acceptable technical solution.

The cost impacts of the various options are ranked as follows:

Rank | Meaning
1 Lowest cost option, or close to lowest cost.
2 Up to roughly factor of two greater cost than lowest cost option.
3 Up to roughly factor of three greater cost than lowest cost option.
4 More than a factor of three greater cost than lowest cost option.
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Configuration Couplings

In a storage ring, many of the parameters and systems are tesheéber directly, or
indirectly. The table below is intended to illustrate prencipal couplings between
configuration items in the damping rings.
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Circumference

The choice of ring circumference is strongly coupled to the choices of:

e beam energy: a shorter ring will have a lower space-charge tune shift,ntlast
make a lower energy feasible;

e injected emittance and energy spread: a large energy acceptance can be
difficult to achieve in a dogbone lattice;

e bunch train length: if a large number of bunches (5600) is needed, a larger
circumference will make the injection/extraction kickers easier;

e bunch length: a longer bunch reduces the charge density, which will reduce the
space-charge tune shift that may be a problem in a 17 km ring;

e injection/extraction kickers: the kickers become more difficult in shorter rings,
and other options may become more attractive if a short circumference is chosen;

e wiggler technology: a larger circumference requires a longer wiggler, which ca
affect the relative cost impact of the different options for the wiggler teagyol

Options

Configurations with circumferences of roughly 3 km, 6 km and 17 km have been
considered. It is also possible to stack several rings in a&gunghel, dividing the bunch
train between the different rings to reduce the average cumesmhyi given ring. A
further option would be to use RF deflectors to separate alternatiedsuthawn different
beamlines for injection and extraction: this would ease the kickguirements by
increasing the bunch spacing locally in the injection/extracticiomegand could be used
with any ring circumference.

Rings up to 6 km can be built in (roughly circular) tunnels sepamate the main linac.
17 km rings would have a “dogbone” layout, with long straight sectiongnghamnel
with the main linac to reduce costs.

| ssues

Electron cloud effect (Significance: A)

Shorter rings have a closer bunch spacing, which greatly enhancdmiktieip of

electron cloud. Electron cloud can be difficult to suppress in the dgalewiggler

regions where it is expected to be most severe, and the insab#dgsociated with
electron cloud could significantly affect the performance of the damping rings.

I njection and extraction kickers (Significance: A)

Shorter rings have shorter bunch spacing, and place higher demands oectimniajnd
extraction kickers. For rings of 17 km and 6 km circumferenceethgred rise and fall
times are considered achievable, though a full demonstration (inclugpegtion rate,
pulse length and amplitude stability) is still required. 3 km rimage a shorter bunch
separation requiring faster rise and fall times, so the kickersnore demanding. It may
be possible to use RF deflecting cavities to separate bunche&betifferent beamlines
for injection and extraction, easing the kicker rise and fall tieggiirements. Kicker
performance is critical to the production of a stable beam from the damping rings.

13



Acceptance (Significance: A)

Given the high average injected beam power, beam losses in theorid) rapidly
damage critical components (e.g. the wigglers) and adverselyt ditignostics, making
the ring difficult to operate. The design criterion is a lattltat achieves (in simulation)
100% injection efficiency for a nominal injection distribution, including tel
apertures and tuning errors. Lattice designs have been developed fom@dkithat have
good acceptance for the baseline positron distribution. The long stsaigfidns in the
dogbone damping rings break the lattice symmetry, and generate thitynhbat is
difficult to correct locally. As a result, it is difficulbotachieve the dynamic aperture
needed to accept cleanly the large positron beam from the source.

Cost (Significance: A)
A 3 km ring would have rather a lower cost than 6 km or 17 km rings. aditigional

tunnel in the 6 km rings makes the costs comparable to the 17 km rigjgnates
suggest that using two 6 km rings in a single tunnel is a higher cost than a 17 km ring.

I on effects (Significance: B)

Accumulation of ions in the vacuum chamber can drive instability. Ifectsf are
complex, particularly in the damping rings where the beam s@ebe very small. Gaps
in the fill and very low vacuum levels will be necessary togatg ion effects. Present
understanding is that the style of lattice, fill pattern and vacpuessure are more
significant than the circumference for the severity of theceffehowever, longer rings
have a lower current than shorter rings, making it easier to vactisver vacuum
pressures. A larger circumference could help by allowing laggps in the fill for a
given bunch spacing.

Space-char ge (Significance: B)
The incoherent space-charge tune shift is proportional to the riognderence. The

coupling bumps used to reduce this effect in the dogbone ring could beiskrfo the
vertical emittance.

Tunnel layout (Significance: B)

Sharing the linac tunnel increases the time taken for commissiamdgeduces the
availability. Stray fields in the linac tunnel could adversefgafthe vertical emittance
of the extracted beam (though it may be possible to use feed-flosystems to correct
the effects of stray fields). Coupling between the straighta dogbone lattice is a
potential issue.

Availability (Significance: C)

The larger number of components in a larger ring is likely to havadverse impact on
reliability.

Classical collective effects (Significance: C)

A variety of classical collective effects are of potentiahcern, including resistive-wall
instability, coupled-bunch instabilities driven by higher-order modes, omare
instability, and intrabeam scattering. Studies show that thdeetsefshould be
manageable in rings with any of the proposed circumference options.seVhaty of
these collective effects tends to be dominated by issues such ds diharge, bunch
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length, lattice design (momentum compaction), beam-pipe diameterather than by
the circumference.

L ow-emittance tuning (Significance: C)

Achieving the specified vertical beam emittance in the dampiygs ris important for
producing luminosity. However, there is an additive emittance diluti@dl the systems
downstream of the damping rings; and the luminosity depends on the lzaat the
interaction point, which scales with the square root of the emittafidesre is little
evidence that the circumference of the damping ring in itselfamasmpact on the
emittance sensitivity to misalignments and tuning errors.

Polarization (Significance: C)

Studies suggest that depolarization should not be a major issue in anyafiftgeration
options under consideration.

| ssues Ranking

Issue Significanc Risks

3km | 6km| 2x6 km | 17 km
Electron cloud (positron ring) A 4 3 2 2
Kickers A 3 2 2 2
Acceptance A 2 1 1 2
Cost A 1 2 3 3
lon effects (electron ring) B 3 2 2 2
Space-charge B 1 1 1 2
Tunnel layout B 1 1 1 2
Availability C 1 1 1 1
Classical collective effects C 2 2 2 2
Low-emittance tuning C 2 2 2 2
Polarization C 1 1 1 1

Comment: Use of RF deflecting cavities locally to separate alterdmatnches down
different beamlines would reduce kicker risks for any of the ciretente options,
though potentially with some impact on the acceptance.

Baseline Recommendation

The positron damping ring should consist of two (roughly circular) riogs
approximately 6 km circumference in a single tunnel. Electrordckftects make a
single ring of circumference 6 km or lower unattractive, unlegsifgiant progress can
be made with mitigation techniques. Space-charge effectbavidss problematic in a 6
km than in a 17 km ring, and achieving the required acceptance will lee i@asicircular
ring than in a dogbone ring.

The electron ring can consist of a single 6 km ring, assuminghinditl pattern allows a
sufficient gap for clearing ions. The injection and extraction keclead ion effects are
more difficult in a 3 km ring than in a 6 km ring. A 17 km ring cowddeeion effects (by
allowing larger gaps between minitrains), but would likely be higlost. We have no

15



recommendation on whether the electron ring needs a separate torméhér positron
rings.

Although R&D is still required for the injection/extraction kickdos a damping ring
with 6 km circumference, it is expected that existing progravills demonstrate a
solution.

The exact circumference of the damping rings should be chosen, iblppdsi allow
flexibility in the fill patterns and number of bunches in a bunch train.

The feasibility of the baseline depends on:
e further progress with developing techniques for suppressing electron cloud
(positron rings);
e development of a satisfactory lattice design, e.g. (for eleatimogy) with
properties that mitigate ion effects, etc.
e demonstration of kickers meeting the specifications for riseffalle, kick
amplitude stability and repetition rate.

Alternatives

1. If techniques are found that are sufficiently effective at sgpprg the electron
cloud, a single 6 km, or possibly smaller, ring can be used for thegmodamping
ring. This will save costs.

2. If electron cloud mitigation techniques are not found that are isuiffi¢or the
baseline positron ring, then a 17 km ring is a possible alternatigeyvould require
addressing space-charge and acceptance issues.

Required R&D

Basdline:
e Techniques for mitigating electron cloud to acceptable levels are needed.
e A lattice design is needed that simultaneously satisfies esgamts for
acceptance and beam stability, and can be tuned easily for low emittance.

Alternative 1 (single 6 km positron ring):
e Techniques for mitigating electron cloud to acceptable levels are needed.
e A lattice design is needed that simultaneously satisfies esgamts for
acceptance and beam stability, and can be tuned easily for low emittance.

Alternative 2 (17 km positron ring):
e Techniques for suppressing space-charge tune shifts without drivingpbetad
synchrobetatron resonances are needed.
e A lattice design is needed that simultaneously satisfies mmgamts for
acceptance and beam stability, and can be tuned easily for low emittance.

General R& D requirements
e Kickers that simultaneously meet specifications on riseffalk t pulse rate and
stability need to be demonstrated.
e |on instabilities are a concern in the electron ring.

16



e lon-induced pressure instabilities in the positron ring need to be addressed.

e A range of classical collective instabilities need to be prgpertierstood, with
analysis based on a detailed impedance model.

e The effectiveness of low-emittance tuning techniques need to be assessed.

17



Beam Energy

The choice of beam energy is strongly coupled to the choices for:

e circumference: a shorter ring will have a lower space-charge tune shiftntlagt
make a lower energy feasible;

e injected emittance and energy spread: lowering the beam energy increases the
injected emittance and energy spread, and makes a larger acceptanceynecessar

e bunch train length and bunch charge: single bunch collective effects become
less severe at lower bunch charge, and may make a lower energy feasible;

e bunch length: a longer bunch length reduces the charge density in the bunch,
reduces the severity of single bunch collective effects, and nakg @ lower
energy feasible;

e wiggler technology: a lower beam energy requires a longer wiggler, which can
affect the relative cost impact of the different options for the wiggler teagyol

Options

Beams at low energy are sensitive to collective effectshigher energies, it is difficult
to achieve the equilibrium emittances in a lattice of reasorsit#e The energy choices
are restricted by the need to avoid depolarization resonances, whiohroaghly at
intervals of 440 MeV. We may consider energies in the range (sQugjfil GeV to 6.8
GeV. Most of the detailed configuration studies have been performethttmes
designed for 5 GeV beam energy. There is also the possibilityueth spacing
resonances affecting the electron cloud effect.

| ssues

Longitudinal emittance (Significance: A)

An increase in the longitudinal emittance (from an increasdheredr both of the bunch
length and energy spread) has an impact on the bunch compressors gmad thaters

making their design and operation more difficult. Assuming that thepitg wiggler

dominates the energy loss of the beam, the equilibrium relativgyesgread increases
linearly with the beam energy. At 5 GeV, the damping rings helle a natural energy
spread of around 0.13% (which is within the nominal value of 0.15% specifigdefor
bunch compressors). An energy spread of 0.18%, which would be expectedripiagda
ring at 6.8 GeV, may be acceptable for the spin rotators and (agsand mm bunch
length) for the bunch compressors, but lower values are desirablestréhgth needed
for the spin rotator solenoid also depends directly on the beam eaérgyGeV, this

solenoid is already large; an increase in energy would make the solenoid moué.diffic

Collective effects (Significance: A)

The impact of collective effects (growth rates, thresholds etieh scales inversely with
the energy: higher energies will reduce growth rates and&e thresholds. At a beam
energy of 5 GeV, some of the collective effects look challengyngerd the baseline
circumference). Space-charge problems get worse with lowegyendhe emittance
growth from intrabeam scattering scales inversely with thelfquower of the energy,
and would likely have a significant impact on performance at energies below 5 GeV.
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Acceptance (Significance: A)

The particle sources produce beams with given normalized emittamcesbsolute

energy spread. Increasing the ring energy provides a benefitit@inatic damping: the
transverse beam sizes scale inversely with the square rdw ehérgy, and the relative
energy spread decreases linearly with increasing energy. vdowieere is a competing
effect: a higher energy ring may have a more challengingdatiesign to achieve the
required equilibrium emittances, which could adversely affect the acceptance.

Transver se emittance (Significance: B)

The normalized natural emittance scales with the third powéreoériergy. An increase
in energy can be compensated to some extent by increasing the mdiratzecells in the
lattice; however, this tends to reduce the momentum compaction, whiclower the
thresholds for some collective instabilities. Lattice changesdcalso adversely affect
the acceptance.

L ow-emittance tuning (Significance: B)

The specification on the extracted vertical emittance ap@igsetnormalized emittance.
Reducing the beam energy for a fixed normalized vertical emétancreases the
allowed geometric emittance, and would ease the tuning requirements.

Damping rates (Significance: B)

Higher energies increase the radiation damping rates, whichafttay reduction in
wiggler length.

Cost (Significance: B)

The construction cost and operating cost of a storage ring genecaéigse with energy.

Although the wiggler length would be reduced at higher energy, thesaasigs would
likely be offset by higher costs of other systems, including vacuum and RF.

I ssues Ranking

Issue Significanc Risks

3.7GeV| 5GeV| 6.8GeV
Longitudinal emittance A 1 1 2
Collective effects A 3 2 1
Acceptance A 2 1 2
Transverse emittance B 1 1 2
Low-emittance tuning B 1 2 3
Damping rates B 1 1 1
Cost B 1 1 2

Basaline Recommendation

The damping ring energy should be approximately 5 GeV. A loweremengases the
risks from collective effects; a higher energy makes it nwfiecult to tune for low
emittance, and potentially has an adverse impact on the acceptance.
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| njected Emittance and Energy Spread

The specifications for the injected emittance and energy spreastrangly coupled to
the choices for:
e circumference: a large energy acceptance can be difficult to achieve inlzodeg
lattice;
e beam energy: lowering the beam energy increases the injected emittarete a
energy spread, and makes a larger acceptance necessary;,
e vacuum chamber aperture: a larger transverse emittance requires a larger
physical aperture for good injection efficiency;
e wiggler technology: a larger transverse emittance needs a larger physical
aperture, which is easier to achieve in some wiggler technologies than others.

Options

Option | Option 1l
Maximum injected normalized betatron amplitugded.045 m-rad| 0.09 m-rad
Injected full-width energy spread 2% 1%
I ssues

Acceptance (Significance: A)

For a given acceptance, the injection efficiency will improvehwdtnaller injected
betatron amplitude and energy spread. With the damping ring latbosglered for the
configuration studies, the energy spread was the more important guantibst cases: a
better injection efficiency was found using a simulated positronrilalison
corresponding to Option Il, compared to Option I. The impact on the positoocesis
not clearly understood at the present time.

I njection systems (Significance: B)
A smaller injected emittance allows a narrower aperturéhénimjection components,
which could simplify their design.

I ssues Ranking

Issue Significanc . Risks .
Option | | Option I

Acceptance A 3 2

Injection systems B 1 2

Baseline Recommendation

An injected beam with maximum betatron amplitude up to 0.09 m-rad angyespeead
up to 1% (full width) is preferred for the damping rings, over aibdigion with larger
energy spread but smaller betatron amplitude. Achieving good offyedgngmics in
the damping ring lattices is likely to be more problematic thaneaing a large on-
energy dynamic aperture. A smaller energy spread is likemprove the margin for the
acceptance of the injected beam.
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Alternative

If the acceptance issue can be addressed successfully, adasygy spread on the
injected beam (up to 2% full width) could be accommodated.

Required R&D

Basdline

Studies of the positron production indicate that an injected full-widthggrepread of
1% should be achievable; however, a thorough investigation including reatistiels
for collimators, energy compressors etc. is still needed.

Alternative
A lattice design is needed that shows an energy acceptancgowithmargin beyond 2%
full-width, while satisfying other requirements.
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Bunch Train Length and Bunch Charge

The specifications for the bunch train length and bunch charge arelgtrongled to the
choices for:
e circumference: if a large number of bunches (~5600) is needed, a larger
circumference will make the injection/extraction kickers easier;
e beam energy: single bunch collective effects become less severe at louveh
charge, and may make a lower energy feasible;
e bunch length: a longer bunch reduces the charge density, and may make a higher
bunch charge possible before reaching limits from collective effects;
e injection/extraction kickers: the kickers become more difficult with a larger
number of bunches, which must be packed more closely into the ring;
e RF frequency: the flexibility in the number of bunches in a train depends to some
extent on the RF frequency.

Options

Option | | Option Il
Bunch train length 2800 5600
Injected bunch separatior] 330 ns 165 ns
Injected bunch charge 2x10° | 1x10%

| ssues

I njection and extraction kickers (Significance: A)

It is possible to store 5600 bunches in a ring with approximate ciecantde 6 km and
with a 4 ns bunch spacing; this bunch spacing is expected to be postiblthev
proposed baseline kicker technology. However, the kickers do get macelddls a
higher rep rate — with same pulse length — is required. A loweb&wuwf bunches
(2800) allows gaps between “minitrains” of bunches in the ring, whictd qooVide for

a slow fall-time kicker. The gaps get shorter as the numbeurathes is increased, and
may be reduced to zero with the largest number (5600) of bunches in the ring.

lon effects (Significance: A)

We assume fill patterns for bunch train lengths between 2800 and 5600 bunches,
satisfying the following conditions:
e the bunch spacing is independent of the number of bunches (roughly 4 ns in a 6
km ring);
e bunches are arranged in “minitrains” in the ring, with gaps between minitrains;
e additional bunches are accommodated by increasing the number of msnitrai
and reducing the gap between minitrains.
The average current is independent of the total number of bunches. asstireed fill
scheme, increasing the number of bunches reduces the gap betweesinsinithich
could result in the ion effects becoming more severe.
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Electron cloud effects (Significance: A)

Electron cloud effects are strongly dependent on bunch spacing. To keepetfeets
under control, it might be necessary always to maintain theslamessible bunch
spacing in the positron ring. This means that the number of bunches iof @apair of 6
km rings may be limited to around 1400, to maintain a bunch separation of 14 ns.
Single-bunch collective effects (Significance: A)

Single-bunch effects such as the microwave instability, spacgechane shifts and
emittance growth from intrabeam scattering are mitigated by a lower bunge.cha
Resistive-wall instability (Significance: B)

With a fixed average current in the ring, the resistive wadltability will not be
significantly affected.

I ssues Ranking

Risks

Issue Significance Option | Option I

(2800 bunches) (5600 bunches
Injection and extraction kickers A 2 3
lon effects (electron ring) A 2 4
Electron cloud (positron ring) A 2 3
Single-bunch collective effects A 2 1
Resistive wall B 1 1

Basaline Recommendation

A train length of around 2800 bunches is preferred because the kickerffema and
electron cloud are easier with a smaller number of bunches. Eléogron ring is
completely filled with no gaps (as may be the case with around 560Gds)ribhe ion
effects could be extremely difficult. However, there may vl other acceptable
options with numbers of bunches between 2800 and 5600: further studies are oeeded t
specify the gaps in the fill needed to keep ion effects under control.

If the positron rings (total circumference 12 km in our recommendeédlit@)s are
uniformly filled with 2800 bunches, the bunch separation is around 14 ns. Studies
suggest that because of electron-cloud effects, the bunch sepatadidd sot be
reduced much below this; this would prevent operation with larger nurabershches

per train.

It is possible that the fill patterns in the electron and positiogs rmay need to be
different, so as to allow a large bunch spacing between positron buibetesise of
electron cloud), and gaps between minitrains of electron bunches (betaws®). This

would require electron and positron rings with different circumfergrened would limit

flexibility on timing solutions.
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Alternatives

Increasing the number of bunches beyond 2800 could be possible if electronsalioud a
ion effects are found to be manageable, and sufficiently fast kickers can be det@nstra

Required R&D

Studies are needed to determine:

e the minimum bunch spacing needed to keep electron-cloud effects under control,
e the minimum gap between minitrains needed to keep ion effects under control.

A demonstration is needed of kickers meeting the specificationsofapgie to each
option for the number of bunches in a bunch train) for:

e pulse rise and fall times;
e kick repetition rate;
e kick amplitude stability.
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Extracted Bunch Length

The specification for the extracted bunch length is strongly coupled to the choices for:

e circumference: a longer bunch reduces the charge density, which will reduce the

space-charge tune shift that may be a problem in a 17 km ring;

e beam energy: a longer bunch length reduces the charge density in the bunch,

reduces the severity of single bunch collective effects, and nakg @ lower
energy feasible;

e bunch train length and bunch charge: a longer bunch reduces the charge

density, and may make a higher bunch charge possible before reaahitsg li
from collective effects.

Options
The nominal specification on the bunch length has been 6 mm. It is passtansider

bunch lengths up to 9 mm. In principle, the bunch length can be varied indepgnéentl

other parameters (such as the energy spread) by varying the RF voltage.

| ssues

Bunch compressor s (Significance: A)
For a given energy spread, the bunch compressors get more diffitulinareasing

bunch length. The following bunch compressor configurations have been considered,

and are deemed practical:

eng

Stages of compressior Initial energy spread Initial bunch length  Final bunti |
Two-stage 0.15% <9 mm 300um
Two-stage 0.15% <6 mm 150um
One-stage 0.15% <6 mm 300um

A two-stage bunch compressor is presently recommended for the Ik€linea
configuration, with a one-stage compressor as a lower cost alternative.

Collective effects (Significance: A)

Most single-bunch effects become less severe as the bunch lenmgsésc (including
space-charge tune shifts, microwave instability thresholds, ecgttgrowth from

intrabeam scattering). Touschek lifetime benefits from a lobgach. Many of these
effects are of concern in the damping rings, and a 9 mm bunch woultbtbgrevide a

potentially useful safety margin over a 6 mm bunch.

Electron cloud (Significance: A)

It is possible that electron-cloud effects get worse with asing bunch length. This
issue requires further study.

RF system (Significance: B)

The RF voltage needed in a storage ring is inversely proportioriaktequare of the

bunch length. Allowing a longer bunch also allows a larger momentunpazion
(which is helpful for suppressing instabilities) for a given voltagelower RF voltage
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reduces costs. However, if the RF voltage is too low, the RFyeneogptance can be
small, and this can limit the Touschek lifetime, and the injection efficiency.

I ssues Ranking

Issue Significanc Risks

6 mm 9 mm
Bunch compressors A 1 2
Electron cloud A 2 2
Collective effects A 2 1
RF system B 1 1

Baseline Recommendation

A 9 mm bunch would be helpful for mitigating single-bunch collectiveat$f in the
damping rings, but a 6 mm bunch also appears to be a viable option.

Required R&D

Studies of bunch compressors suggest that a 9 mm bunch from the damging r
acceptable, for a final bunch length of 30t. Thorough studies, including tuning
simulations for emittance preservation are in progress. Stude=aof dynamics effects
in the damping rings with bunch lengths between 6 mm and 9 mm are nheeplehtify
the benefits (and drawbacks) of longer bunches.
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| njection/Extraction Kicker Technology

The choice of technology for the injection/extraction kickers isnglly coupled to the
choices of:
e circumference: the kickers become more difficult in shorter rings, and other
options may become more attractive if a short circumference is chosen;
e bunch train length: the kickers become more difficult with a larger number of
bunches, which must be packed more closely into the ring.

Options
The principal options for the kicker systems are:

e a conventional stripline kicker driven by a fast pulser;

e a “Fourier” kicker, using (for example) a transverse defled®fgcavity driven

by an RF pulse compressed in a highly dispersive waveguide.

RF separators provide a further option that may be combined with kither scheme
but would more likely be used with the conventional stripline kickers. RFfheeparators
could be used to increase the bunch spacing in the injection/extraetiomn,r by
channeling alternate bunches down separate beamlines.

| ssues

Rise/fall timesand beam stability (Significance: A)

The rise and fall times must be sufficiently short as to prog&feection for the target
bunch, while not kicking any of the adjacent bunches. The use of RF sepa&xes the
requirements on the rise and fall times. Fast pulsers araldeahat can provide rise
times of around 3 ns. The fall time is likely to be longer; howether consequences of
this may be corrected.

I mpedance (Significance: A)

The vacuum system of the damping rings will have tight limits lem dcceptable
impedance, so as to stay below instability thresholds. Systemg R$& deflecting
cavities potentially add greater impedance than stripline kickers.

I mpact on beam dynamics/acceptance (Significance: A)

Some studies have shown that the bypass lines associated with I&Firdgfcavities
may have an adverse impact on the energy acceptance of the damgindis issue
needs further study.

Kick amplitude stability (Significance: A)

There are demanding requirements on the pulse-to-pulse stabilitg &fck amplitude.
It may be possible to design a turn-around in the extraction lireyiai a feedback
system to correct bunch-to-bunch extraction jitter. However, tHidikgly add cost to
the machine and will be accompanied by its own set of technical issues.

Kick amplitude (Significance: B)

The kickers must be capable of providing sufficient amplitude fomciegction and

extraction. Injection of positron bunches sets the amplitude goal,langee clearance is
needed for the large beam from the positron source. In princip¢epdssible to use a
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sequence of kickers, each powered independently, to achieve the requiréddamnpl
The optics of the lattice must be designed to meet the requiremietite injection and
extraction components.

Reliability (Significance: C)

The kickers must operate reliably. Lifetime is a potentialiasfor high-power fast
pulsers. However, since the number of pulsers required will bestimit should be
possible to maintain a reasonable redundancy in the number of pulséablava any
time.

Cost (Significance: C)

The basic stripline kicker scheme uses relatively conventional comfgon&lse of RF

separators would incur additional cost because of the extra beamdopgsed in the
damping ring.

I ssues Ranking

Risks
Issue Significance . Conventional + .
Conventional Fourier
separators
Rise/fall time; beam stability A 2 1 3
Impedance A 2 2 2
Beam dynamics A 1 2 1
Kick amplitude stability A 3 3 3
Kick amplitude B 1 1 1
Reliability C 1 1 1
Cost C 1 3 3

Basaline Recommendation

The damping ring kickers should be based on “conventional” strip-line kidkeen by
fast pulsers, without use of RF separators. The basic technolaggilisble, and is close
to a demonstration of most of the performance specifications. Btngeparators has
potential cost implications, and could adversely affect the beam dysafar these
reasons, it is preferred to avoid the need for RF separators if possible.

Alternatives

1. RF separators may prove useful if it is decided to fill thgsriwith large numbers of
bunches, pushing the bunch spacing to small values. Studies should be continued, to
understand fully the beam dynamics and engineering issues, and resolve problems.

2. Because Fourier pulse-compression kickers provide a very diffgypraagh, it is
worthwhile continuing studies to develop a more complete understanding of the
benefits and limitations of these systems.

Required R&D

Basdline
Kickers need to be demonstrated meeting all specifications for:
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e pulse rise and fall times;
e pulse repetition rate;
e kick amplitude stability.

Alternative 1 (RF separators):

The beam dynamics and engineering issues associated with thep&fatsrs scheme
need to be fully understood, and limitations overcome.

Alternative 2 (Fourier pulse-compression kickers):

A more complete understanding is needed of the technical issues invol¥edirier
pulse-compression kickers.

Off-Axis I njection

The usual operation mode of the damping rings requires on-axis injectiat, prevents

accumulation of current by stacking charge within RF buckets over tnamy. Most

conventional storage rings - e.g. in synchrotron light sources - usisfinjection, in

which radiation damping is used to merge injected (off-axis) ehaitp stored (on-axis)
charge. The availability of off-axis injection would be of beniefihe damping rings for
commissioning and tuning; a high beam current could be stored in the danmgsg
even with an injector system operating at less than full cgpacitvith a separate, low-
intensity source.

The possibility of designing the injection system of the damping fimgperate in either
on-axis or off-axis mode should be investigated.
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Damping Wiggler Technology

The choice of wiggler technology is strongly coupled to the choices of:

e circumference: a larger circumference requires a longer wiggler, whiach ca
affect the relative cost impact of the different options for the wiggler teayrol

e beam energy: a lower energy requires a longer wiggler, which can atfeet
relative cost impact of the different options for the wiggler technology;

e injected emittance: a larger transverse emittance needs a larger physicalir@pe
which is easier to achieve in some wiggler technologies than others;

e vacuum chamber aperture: the wiggler must have sufficient aperture to
accommodate the vacuum chamber.

Options

There are three principal options for the damping wiggler:
e electromagnetic, normal-conducting (EM/NC);
e electromagnetic, superconducting or superferric (EM/SC);
e permanent magnet with steel poles (“hybrid”).

| ssues

Field quality (Significance: A)

A high quality field is needed to achieve the dynamic aperture segefor good
injection efficiency. The field quality depends on the geometrii@fatiggler: increasing
the gap between the poles, increasing the period, or increasing thevipgttecan
generally improve the field quality. However, increasing the gajppale width can add
considerably to the power consumption for a normal-conducting electrontageete,
or to the cost of magnetic material for a hybrid device. Safdy, a superferric design
has been demonstrated that has a satisfactory field quality; houteisepossible that
other types of wiggler could be developed into satisfactory designs.

Physical aperture (Significance: A)

A large gap is needed to achieve the necessary acceptanice Farge injected positron
beam. Increasing the gap adds to the power consumption of a normal-aunducti
electromagnetic device, and to the cost of permanent magnetahetexrinybrid device.
Acceptance studies indicate that a beam stay-clear ofsat3g@amm is required in the
wiggler in the positron ring, though a smaller beam stay-clear lme acceptable in the
electron ring. A large physical aperture is also desirabla fyoint of view of electron-
cloud and resistive-wall effects. So far, only a superferrigddsas been demonstrated
that shows a good physical aperture; however, it is possible thattgplesrof wiggler
could be developed into satisfactory designs.

Power consumption/running costs (Significance: A)

The operating costs associated with power consumption of the wagglan issue. For a
hybrid wiggler, the power consumption is essentially zero. For acanmiicting device,
the power consumption is primarily in the cryogenics. The power congumgpit a
normal-conducting electromagnetic wiggler is likely to be considerable.
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Resistance to radiation damage (Significance: A)

The damping rings are likely to be high radiation environments. Remhanagnet
materials can be sensitive to radiation, and long-term damage issue. Power
deposition from radiation can cause quenching of superconducting magnets, but
operational experience suggests this may not be a real isswemalhconducting
electromagnets are generally more resistant to radiationggartiean superconducting or
hybrid devices.

Materials and construction costs (Significance: A)

Construction of a normal-conducting electromagnetic wiggler isatively
straightforward, and requires no special materials. The cos$teopérmanent magnet
materials in a hybrid wiggler (given the expected pole-width gedtare requirements)
may be considerable. The cryogenic systems needed for a supercanduagtler add
to the cost compared to a normal conducting device.

Requirementsfor auxiliary systems (Significance: B)

Electromagnetic wigglers require power supplies, cooling systemd controls;
superconducting wigglers require cryogenics, low-voltage power sumpiigésontrols.
Hybrid wigglers require essentially no additional systems.

Flexibility (Significance: B)

It may be useful to be able to vary the field strength in theglesg for tuning and
machine studies. The field strength in an electromagnetic (nocoraducting or
superconducting) device can be varied easily; a hybrid wiggler waddire a
mechanism for varying the gap, which would add cost to the device.

Availability (Significance: C)

The wigglers are not expected to cause any significant dowmmirtiee damping rings.

Hybrid magnets have the advantage of not requiring power supplies, coolaugtrol
systems.

I ssues Ranking

Issue Significanc Risks -
EM/NC EM/SC | Hybrid
Field quality A 2 1 2
Physical aperture A 2 1 2
Power consumption A 3 1 1
Resistance to radiation damage A 1 2 2
Materials and construction costs A 1 2 3
Auxiliary requirements B 1 1 1
Flexibility B 1 1 2
Availability C 1 1 1

Baseline Recommendation

The damping wiggler should be based on superconducting technology. Themegtsre
for field quality and aperture have been demonstrated in existingndesind the power
consumption is low.
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Alternatives

Normal-conducting electromagnetic and hybrid technologies are both wilsdxieatives.
Issues with field quality and aperture can be addressed (atsedreast) in wigglers
based on either technology. The power consumption in a normal-conductirgrusga
concern, though this technology could provide a device with potentially besistance
to radiation damage than the superconducting or hybrid options.

Required R&D

Baseline

The CESR-c wigglers have demonstrated the basic requirementsefdtC damping
ring wigglers. Designs for a superconducting wiggler for thepilagnrings need to be
optimized.

Alter natives

Designs need to be developed with acceptable costs for normal-conducting
electromagnetic and hybrid wigglers that meet specificationsaperture and field
quality. In the case of a normal-conducting electromagnetic &rigtie design also
needs to show acceptable power consumption.
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Main (Non-Wiggler) M agnets Technology

Options
The main magnets (dipoles, quadrupoles, sextupoles) may be electrtspagne
permanent magnets.

| ssues

Tunability for beam-based alignment (Significance: A)

The challenging goal for vertical emittance makes high-preclssam-based alignment
of the quadrupoles essential. Variation of the magnetic centerqofidrupole with
magnet strength will contribute to the systematic errors, andl the accuracy of the
results. This is potentially a greater concern with permanaghets (where variation in
field strength generally requires mechanical movement) than in electrasiagne

Flexibility for polarity reversal (Significance: A)

It may be desirable to operate the positron damping rings witheatradl beam, for
example during commissioning, or foeecollisions. The design of the vacuum chamber
(in particular, the location of the photon stops) will likely prevenergal of the direction
of travel of the beam in the ring, so magnet polarities will rieede reversed when

switching from a positron beam to an electron beam. This will dre masily achieved
with electromagnets than with permanent magnets.

Tunability for opticsflexibility and energy variation (Significance: A)
It will likely be desirable to have the flexibility to adjusietoptics in the damping rings,

for example for tuning the emittance and the momentum compaction. Tynabi be
more easily achieved with electromagnets than with permanent magnets.

Although the ring energy is nominally fixed in operations, theremcemstances under
which it may be useful to vary the energy, perhaps by as much agd@%he nominal

value. Some increase in energy may be helpful to raise thédhldder some collective
instabilities, or to increase the damping rates; some reductemengy may be helpful to
reduce the equilibrium emittances. Additionally, although depolarizetiont expected
to be a significant problem, small adjustments in energy may dessery to avoid spin
resonances. Adjustments in magnet strength to accommodate chartgesni energy
may be more easily achieved in electromagnets than in permanent magnets.

Reliability (Significance: B)

Failure of a single power supply for an electromagnet will rertderdamping ring
inoperable. Failure of the mechanism for strength adjustment ofreapent magnet will
inhibit tuning procedures, but would likely allow operation of the damping ting
continue.

Resistance to radiation damage (Significance: B)

Radiation damage is a potential problem for permanent magnetsisJiesmay be less
critical than in the wiggler, since the narrower physical apeiin the wiggler will likely
lead to higher radiation levels in that region.
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Cost (Significance: C)

The cost of permanent magnet materials is high. If the majresigths are to be
adjustable, then permanent magnet multipoles need precision mechamioglsystems.

Electromagnets need power supplies and cooling systems. Overallistnelikely to be

any significant difference in cost between the two options.

I ssues Ranking

Issue Significance Risks

EM | Permanent magnet
Tunability for BBA A 1 2
Flexibility (polarity reversal) A 1 4
Tunability (for optics or energy variation A 1 2
Reliability B 2 2
Resistance to radiation damage B 1 2
Cost C 1 1

Basaline Recommendation

We recommend that the main magnets in the damping ring be elagtieta. Using
electromagnets simplifies tuning issues, and allows polarityrsalee.g. for storing
electrons in the positron ring.

Alternative

Permanent magnets may still be considered as a possibiiitys iflecided that polarity
reversal is not required.

Required R&D

Basdine

Designs for the main damping ring magnets should be straightforaarstill need to be
developed.

Alternative

The problem of polarity reversal needs to be addressed. A demamsisatieeded of a
permanent magnet with good tunability and resistance to radiation damage.
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RF System Technology

Options
The RF system could, in principle, use either normal conducting or sapeting RF
cavities.

| ssues

Higher-order modes (Significance: A)

Higher-order modes (HOMs) in RF cavities can have adverseteftet the beam
dynamics. Normal-conducting and superconducting cavities can be desigheset
HOMs of low amplitudes, but it is still preferable to keep the nurobeavities as small
as possible. The gap voltage per cell in a normal-conducting REy d¢auiypically

around 0.7 MV (limited by cooling); in superconducting cavities, voltagelsigh as 3
MV have been demonstrated. This means that up to four times ascenatigs would

be needed in a normal-conducting RF system as in a superconducting system.

Power dissipation (Significance: A)
In a normal-conducting cavity, the power dissipated in the cavitymeal be as large as
the power supplied to the beam. In a superconducting cavity, the powpatibssis

negligible; power is required by the cryogenics, but this is estiflected to be less than
the power dissipated in a normal conducting cavity.

Phase transients from beam loading (Significance: B)

If there are gaps in the fill, variations in beam loading ve#lult in phase transients along
each minitrain. The transients depend on the R/Q of the cavitietharndtal voltage.
Since a superconducting RF system would have fewer cavities, the phasients
should be smaller.

Reliability (Significance: C)

The superconducting RF system in KEK-B has a trip rate of the ofadme trip per day.
In PEP-II, the normal-conducting RF system has a trip rate wieketthree and five trips
per day. The system can be designed so that a trip would relads iof a small number

of machine pulses. Trips are not expected to have a significaatiron operation of
the damping rings, provided there is some reserve in the amount of RF voltage available.

Cost (Significance: C)
The RF system is expected to be a small contribution to thefcthet damping rings. A

superconducting system could have some advantage from the smaller rafnidier
cavities that would be required.
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I ssues Ranking

Issue Significanc R'Sks .
Normal-conducting| Superconducting

Higher-order modes A 2 1

Power dissipation A 2 1

Phase transients B 2 1

Reliability C 1 1

Cost C 1 1

Baseline Recommendation

Each damping ring should use a superconducting RF system. Comparedrtoad
conducting RF system, a superconducting RF system requires fewiges; (with
advantages for cost and keeping HOMs low); the power dissipatiowes;land smaller

phase transients are expected.

Alternative

A normal-conducting RF system could still satisfy the requiresnémt the damping

rings.

Required R&D

The basic requirements of the superconducting RF systems for tipgndammgs have
been demonstrated in existing machines, e.g. KEK-B. A full syspeification, design

and optimization are needed.
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RF Frequency

The choice of RF frequency is strongly coupled to the choice of:
e bunch train length: the flexibility in the number of bunches in a train depends to
some extent on the RF frequency.

Options
An RF frequency of 500 MHz is a common choice for synchrotron light s@icrage
rings. It is possible to consider other choices, for example 650 MHz.

| ssues

Cost (Significance: A)
500 MHz RF systems are standard, and will therefore be lower 80850 MHz system
would need to be designed from scratch.

Bunch length (Significance: B)

A higher frequency makes it possible to achieve the desired bunch langt lower
voltage. A reduction in voltage has advantages in saving cost; b€ icase of the
options considered here, the cost savings of the lower voltage of the I85Gydtem
compared to the 500 MHz system would be outweighed by the required R&D.

Phase locking with linac RF (Significance: C)

The damping ring RF must be phase locked to the linac RF, to enstifeutiches
extracted from the damping ring arrive at the correct phaseeahtin linac RF. An RF
frequency of 650 MHz is a simple subharmonic (1/2) of the main lika&réqjuency of
1.3 GHz. A 500 MHz RF system is at a more complex subharmonic .(5H@)ever,

either frequency can easily be locked to the main linac RF.

I ssues Ranking

Issue Significanc Risks

500 MHz | 650 MHz
Cost A 1 3
Bunch length B 1 1
Phase locking with linac C 1 1

Baseline Recommendation

The damping rings RF systems should use an RF frequency of 500 MHKg.isTa
standard technology; other options would require R&D.
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Vacuum Chamber Aperture

The specifications for the vacuum chamber aperture are stronglyedotagpthe choices
for:
e injected emittance and energy spread: a larger transverse emittance requires a
larger physical aperture for good injection efficiency;
e wiggler technology: the wiggler must have sufficient aperture to accommodate
the vacuum chamber.

Options

The vacuum chamber will have a complicated geometry, and comprehsngiies of
issues related to the geometry are not possible without detadeghsle However, it is
possible to consider the impact of chambers of different diam@ssaming a circular
cross-section) in different sections of the damping rings. We dmnsihree
representative cases:

Chamber diameter [mm]
Section Option: Option: Option:
44/16/100 50/32/100 50/46/100
Arc 44 50 50
Wiggler 16 32 46
Straight 100 100 100
| ssues

Acceptance (Significance: A)

The large beam from the positron source needs a large chambgrreager good
injection efficiency. Tracking studies in the reference legtimdicate that in most cases,
a diameter of 32 mm in the wiggler would be sufficient, while amgiter of 24 mm
would be insufficient. Reducing the beta functions in the wiggler wbeld with the
acceptance, but the beam size varies only as the square roothatahinction, and
reducing the beta functions would increase the local chromaticity.

Cost (Significance: A)

Increasing the chamber diameter in a storage ring genenallgases the cost of the
machine, since magnets with larger aperture are required, wigichaxe expensive. In
the three options considered here, the difference between 44 mm andiBQherarcs is
not likely to be significant. A superconducting wiggler (as inrdfmmended baseline)

can accommodate a chamber with 46 mm aperture; in any casegtherwhambers are
a relatively small contribution to the cost of the whole vacuum system.

Electron cloud (Significance: A)

A larger chamber helps to reduce the build-up of electron cloud frotipaating. With
the baseline of two 6 km rings for the positron damping ring, the rageslsamber
aperture in the wiggler is likely to be no less than 46 mm. Bitemative 17 km ring, a
smaller chamber aperture could be tolerated.
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Resistive-wall instability (Significance: A)

The resistive-wall wake field drives coupled-bunch instabilitieshe $trength of the
transverse wake is inversely proportional to the cube of the chanalpeetér; increasing
the diameter by a factor of 2 reduces the wake field by neartyrder of magnitude.
Bunch-by-bunch feedback systems can be used to suppress coupled-bunchiesstabilit
as long as the growth times are above approximately 20 turns. svdah chamber
diameter (44/16/100), the growth times in the damping rings are obitties; a larger
chamber would provide some margin.

Gas conductance (Significance: B)

lon and electron cloud effects place demanding requirements on theategas pressure
in the vacuum chamber. Increasing the chamber diameter incteasesnductance,
which helps to achieve a lower average pressure with a given nwipemps; this

could be particularly helpful in the wiggler.

BPM performance (Significance: B)

Achieving good BPM performance becomes more difficult as the chaapenture
increases.

I ssues Ranking

Risks
Issue Significance  Option: Option: Option:
44/16/100| 50/32/100| 50/46/100

Acceptance A 4 2 1
Cost A 1 1 1
Electron cloud A 3 3 2
Resistive-wall instability A 3 2 2
Gas conductance B 2 1 1
BPM performance B 1 2 2

Basaline Recommendation

A chamber diameter of (not less than) 50 mm in the arcs, 46 nmme wiggler and 100
mm in the straights is required. The wiggler chamber neealg@ aperture to achieve
the necessary acceptance, and to suppress electron cloud build-up.rgéhapkerture
also reduces resistive-wall growth rates, and eases the raqotee on the feedback
systems.

Required R&D

Even with a large aperture chamber in the damping rings, a bunch-by-faeutiack
system will be needed in the transverse and longitudinal planes tcessipmupled-
bunch instabilities driven by the resistive-wall impedance. Althodgh required
performance of the feedback systems should be within the rangesth@xechnology,
studies are needed of the level of residual beam jitter, and possible emittanite grow
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Vacuum System Technologies

VVacuum chamber material
Options for the chamber material are:
e stainless steel;
e copper;
e aluminum.
Treatment for suppressing electron cloud

There are options for treating the chamber to suppress electron cloud, including:
e coating with titanium nitride;
e coating with NEG, e.g. TiZrV,
e using a grooved surface.
Different treatments may be used in different parts of the damping ring.
Pumping technology

Options for pumping technology include:
e use of conventional pumps;
e use of NEG coating.

Antechamber

An antechamber may be needed in some sections of the damping ring, and not in others.
In-situ baking

It may be desirable to have a vacuum chamber that is capable of being baked in-situ.

Basaline Recommendations

Recommendations for the vacuum system for the baseline configuratiennba yet
been made.
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