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Introduction

The initial recommendations for the configuration of the ILC damping rings were the result of discussions held during a meeting at CERN on November 9-11, 2005.  The first part of the meeting was devoted to hearing the results of detailed studies of a range of configuration options.  These studies were carried out over the previous six months by nearly 50 researchers, and the results of the studies form the basis on which recommendations for the damping rings configuration were made.  A detailed report of the results of the configuration studies has been produced
.  This report includes a description of the systematic process by which the various configuration options were evaluated, and choices between them made.  Here, we simply present a summary of the present baseline and alternative configurations, together with a summary of R&D required in support of the configuration options.  
The studies of the various configuration options were based on nominal parameter and performance specifications for the damping rings: these specifications are given on page 16.  

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Circumference

The positron damping ring should consist of one (roughly circular) ring of approximately 6 km circumference.  Electron-cloud effects make a ring of circumference much less than 6 km unattractive, unless significant progress can be made with mitigation techniques.  Design of the baseline positron ring (including the injection and extraction systems) should not preclude later installation of a second positron damping ring (located in the same tunnel) should electron cloud effects limit performance.  Space-charge effects will be less problematic in a 6 km than in a 17 km ring, and achieving the required acceptance will be easier in a circular ring than in a dogbone ring.

The electron ring should also consist of a single 6 km ring, assuming that the fill pattern allows a sufficient gap for clearing ions.  The injection and extraction kickers, as well as ion effects, are more difficult in a 3 km ring than in a 6 km ring.  A 17 km ring could ease ion effects (by allowing larger gaps between minitrains), but would likely be higher cost.  We have no recommendation on whether the electron ring needs a separate tunnel from the positron ring, but we note that having separate tunnels will ease installation and commissioning issues, make injection and extraction more straightforward, better “decouple” the operation of the positron and electron areas of the facility, and facilitate the installation of a second positron damping ring should it be needed later..

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

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

The feasibility of the baseline depends on:

· further progress with developing and demonstrating techniques for suppressing electron cloud effects (positron ring);

· development of a satisfactory lattice design, e.g., with properties that mitigate ion effects (electron ring)
· demonstration of kickers meeting the specifications for rise/fall times, kick amplitude stability and repetition rate.

Alternatives

1. If techniques are not found that are sufficiently effective at suppressing the electron cloud, then a pair of (roughly 6 km) damping rings will be needed for the positrons; these rings could be located in the same tunnel.  Design of the baseline configuration should not preclude later installation of a second positron ring as an upgrade.
2. 2.
If electron cloud mitigation techniques sufficient for the baseline positron ring are not found, then a 17 km ring is a possible alternative; this would require addressing space-charge and acceptance issues.
R&D Requirements

Baseline

· Techniques for mitigating the electron cloud to acceptable levels are needed.  This R&D needs to be given very high priority.
· A lattice design is needed that simultaneously satisfies requirements for acceptance and beam stability, and can be tuned easily for low emittance.

Alternative 1 (a pair of 6 km positron rings in the same tunnel)

· Support and alignment issues for stacked rings in the same tunnel need to be addressed.
· Designs are needed for the injection and extraction systems that will separate the injected beam between, and combine the damped beam from, the two positron rings.

Alternative 2 (17 km positron ring)

· Techniques for suppressing space-charge tune shifts without driving betatron and synchrobetatron resonances are needed.

· A lattice design is needed that simultaneously satisfies requirements for acceptance and beam stability, and can be tuned easily for low emittance.

General R&D requirements

· Kickers that simultaneously meet specifications on rise/fall time, pulse rate and stability need to be demonstrated.

· Assessment of mitigation techniques for ion instabilities are needed for the electron ring.

· Ion-induced pressure instabilities in the positron ring need to be addressed.

· A range of classical collective instabilities must be properly understood, with analysis based on a detailed impedance model.

· The effectiveness of low-emittance tuning techniques needs to be assessed.

Beam Energy

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

Injected Emittance and Energy Spread

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

Alternative

If the acceptance issue (with realistic errors) can be addressed successfully, a larger energy spread on the injected beam (up to 2% full width) could be accommodated.
R&D Requirements

Baseline

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

Alternative

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

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

If the positron ring is uniformly filled with 2800 bunches, the bunch separation is around 7 ns.  Studies suggest that because of electron-cloud effects, the bunch separation should not be reduced much below this; this would prevent operation with larger numbers of bunches per train.

It is possible that the fill patterns in the electron and positron rings may need to be different, so as to allow a large bunch spacing between positron bunches (because of electron cloud), and gaps between minitrains of electron bunches (because of ions).  This would require electron and positron rings with different circumferences, and would limit flexibility on timing solutions.

Alternatives

Increasing the number of bunches beyond 2800 could be possible if electron-cloud and ion effects are found to be manageable, and sufficiently fast kickers can be demonstrated.
R&D Requirements

Studies are needed to determine:

· the minimum bunch (or minitrain) spacing needed to keep electron-cloud effects under control;

· the minimum gap between minitrains needed to keep ion effects under control.

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

· pulse rise and fall times;

· kick repetition rate;

· kick amplitude stability.
Extracted Bunch Length

A 9 mm bunch would be helpful for mitigating single-bunch collective effects in the damping rings (except, possibly, in the case of electron cloud), but a 6 mm bunch also appears to be a viable option.
R&D Requirements

Studies of bunch compressors suggest that a 9 mm bunch from the damping ring is acceptable, for a final bunch length of 300 (m.  Thorough studies, including tuning simulations for emittance preservation are in progress.  Studies of beam dynamics effects in the damping rings with bunch lengths between 6 mm and 9 mm are needed to quantify the benefits (and drawbacks) of longer bunches.
Injection/Extraction Kicker Technology

The damping ring kickers should be based on “conventional” strip-line kickers driven by fast pulsers, without use of RF separators.  The basic technology is available, and is close to a demonstration of most of the performance specifications.  Using RF separators has potential cost implications, and could adversely affect the beam dynamics; for 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 the rings with 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 different approach, it is worthwhile continuing studies to develop a more complete understanding of the benefits and limitations of these systems.
R&D Requirements

Baseline

Kickers need to be demonstrated meeting all specifications for:

· pulse rise and fall times;

· pulse repetition rate;

· kick amplitude stability.

Alternative 1 (RF separators):

The beam dynamics and engineering issues associated with the RF separator 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 involved in Fourier pulse-compression kickers.

Off-Axis Injection

The usual operation mode of the damping rings requires on-axis injection, which prevents accumulation of current by stacking charge within RF buckets over many turns.  Most conventional storage rings - e.g. in synchrotron light sources - use off-axis injection, in which radiation damping is used to merge injected (off-axis) charge with stored (on-axis) charge.  The availability of off-axis injection would be of benefit in the damping rings for commissioning and tuning; a high beam current could be stored in the damping rings even with an injector system operating at less than full capacity, or with a separate, low-intensity source.

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

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

Alternatives

Normal-conducting electromagnetic and hybrid technologies are both viable alternatives.  Issues with field quality and aperture can be addressed (at increased cost) in wigglers based on either technology.  The power consumption in a normal-conducting wiggler is a concern, though this technology could provide a device with potentially better resistance to radiation damage than the superconducting or hybrid options.
R&D Requirements

Baseline

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

Alternatives

Designs with acceptable costs for normal-conducting electromagnetic and hybrid wigglers need to be developed that meet specifications for aperture and field quality.  In the case of a normal-conducting electromagnetic wiggler, the design also needs to show acceptable power consumption.
Main (Non-Wiggler) Magnets Technology

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

Alternative

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

R&D Requirements

Baseline

Designs for electromagnetic dipoles, quadrupoles etc. should be straightforward, but still need to be developed and optimized.

Alternative

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

RF System Technology

Each damping ring should use a superconducting RF system.  Compared to a normal-conducting RF system, a superconducting RF system requires fewer cavities, (with advantages for cost and keeping HOMs low); the power dissipation is lower; and smaller phase transients are expected.

Alternative

A normal-conducting RF system could still satisfy the requirements for the damping rings.
R&D Requirements

Design and optimization of a 650 MHz superconducting RF system (including HOM-damped cavities) is needed.
RF Frequency

The damping ring RF systems should use an RF frequency of 650 MHz.  This is a simple subharmonic of the main linac RF frequency (1.3 GHz), which will facilitate phase synchronization between the damping rings and other RF systems.  However, 650 MHz is a non-standard RF frequency that will require modest R&D.
R&D Requirements

Design and optimization of a 650 MHz superconducting RF system (including HOM-damped cavities) is needed.
Vacuum Chamber Aperture

A chamber diameter of (not significantly less than) 50 mm in the arcs, 46 mm in the wiggler and 100 mm in the straights is required.  The wiggler chamber needs a large aperture to achieve the necessary acceptance, and to suppress electron cloud build-up.  The large aperture also reduces resistive-wall growth rates, and eases the requirements on the feedback systems.
R&D Requirements

Even with a large aperture chamber in the damping rings, a bunch-by-bunch feedback system will be needed in the transverse and longitudinal planes to suppress coupled-bunch instabilities driven by the resistive-wall impedance
.  Although the required performance of the feedback systems should be within the range of existing technology, studies are needed of the level of residual beam jitter, and possible emittance growth.
Vacuum System Technologies

Recommendations on the various options for the vacuum system technologies are yet to be made.
R&D Requirements
A number of issues regarding the vacuum system remain to be addressed, including:

· What are the required levels of residual gas pressure needed to avoid ion effects?

· What kind of chamber preparation (NEG coating, TiN coating, grooves etc.) is needed for suppressing the electron cloud, and what are the implications, e.g., for impedance?

· Can (or should) clearing electrodes be used to suppress electron cloud or ion effects?

· What length of time is allowed by the commissioning schedule for conditioning the vacuum system in the damping rings?

Further studies are needed to resolve these issues.
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Nominal Parameter and Performance Specifications
	
	Baseline
	Alternative (I)
	Alternative (II)

	Bunch train length
	2820
	5640
	

	Train repetition rate
	5 Hz
	
	

	Injected bunch separation
	330 ns
	165 ns
	

	Maximum injected normalized betatron amplitude (e+)1
	0.09 m-rad
	
	

	Injected full-width energy spread (e+)
	1%
	
	

	Normalized injected transverse emittance, rms (e–)
	45 (m
	
	

	Injected energy spread, rms (e–)
	0.1%
	
	

	Injected bunch charge
	2(1010
	1(1010
	

	Extracted bunch separation
	330 ns
	165 ns
	

	Extracted bunch charge
	2(1010
	1(1010
	

	Extracted normalized horizontal emittance
	8 (m
	
	

	Extracted normalized vertical emittance
	0.02 (m
	
	

	Extracted rms energy spread
	1.4(10–3
	
	

	Extracted rms bunch length
	6 mm
	
	9 mm

	Maximum extracted vertical jitter
	0.1(
	
	


1 The normalized betatron amplitude is defined as Ax+Ay where:
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and similarly for Ay.  ( is the relativistic factor, and (x, (x, (x are the Twiss parameters.

 

	
	

	
	




	
	

	
	



	
	

	
	

	
	

	
	


	
	



	
	

	
	

	
	

	
	

	
	




	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	





































	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	
























































	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	











	
	
	

	
	
	

	
	
	








	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



















	
	
	

	
	
	

	
	
	

	
	
	


















	
	
	

	
	
	

	


	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


























	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	










	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	































	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

















































	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	





























	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


























	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



























	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



















	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	










	
	

	
	

	

	


	
	
	
	

	
	
	
	

	
	
	
	
















	
	
	

	
	
	

	

	


	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	













































































































� A. Wolski, J. Gao and S. Guiducci, “Configuration Studies and Recommendations for the ILC Damping Rings”, LBNL-59449, February 2006.





�Both of these items need to be done in any case if we wish not to preclude adding a second PDR later.


�I would guess this would clean up by itself. Is it really an issue?


�Gaps between minitrains may well help the electron cloud issues also. Is is clear that a different fill pattern and circumference are needed?


�This seems very repetitive with the Bunch Train length discussion above. Could they be combined or does the document “history” make it too late?


�Is polarity reversal really necessary? This seems a weak argument.


�Radiation damage and adjustability seem to be potential issues.


�Should we comment here on what has been learned from the recycler?


�Why do you need bunch-by-bunch feedback for the resistive wall? Isn’t narrow-band enough if this is all you are dealing with? Aren’t the cavity HOMs also an issue? That and injection transients are what led us to bunch-by-bunch systems in PEP-II.
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