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GDE Change Control Board
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section

Preamble
This is the CCB response to the proposed changes to apply to the Damping Ring section of the Dec.
2005 version of GDE ILC Baseline Configuration Document [1]. CCB received the change request
from A.Wolski on February 6, 2006 [2] and CCB forwarded it to GDE the same day [3]. This
Change Request was treated as Class-1. M.Kuriki and W.Funk were assigned as the CCB reviewers.

Summary
Requester proposed: To revise the RF frequency in the DRs to be 650MHz from the existing
500Hz. The reasons of this change are fill patterns and ability to achieve the Low-Q parameter set.
Narrative: Strong concerns were expressed by some CCB members with regards to the more
qualitative, rather than quantitative, nature of the present reasoning behind this DR RF frequency
change. While the choice of 650MHz appears attractive when pieces of “circumstantial evidence”
are put together, the individual “evidence” pieces tend to lack quantitative statements, or their
analyses still being under way. For instance, why should we allocate a factor 1/2 reduction of bunch
intensity in low-Q as stated in the Parameter section of BCD, rather than 1/1.5, other than for the fact
that 1/2 certainly means “more room”? The development programs which are necessitated by the
choice of 650MHz are not yet firmly in place, and their definitive prospects are not known, either.
However, the majority opinion of CCB converged that we agree with the DR Area Group Leaders in
re-defining our Baseline DR design (likely more adequately called, “Working Assumptions” in the
present context) and to re-sharpen the goals for the associated development programs. The majority
members of CCB feel that this will focus the efforts by the relevant groups in ways the GDE can
gauge the progress quantitatively, and this, in turn, allows the entire GDE to revisit the DR design, if
found necessary in the future on more solid technical and scientific basis. Thus, the CCB response is
as follows:
CCB response:
1. CCB accepts this configuration change in its entirety, as proposed, with the
Provisional Statements in the next section.
2. CCB offers its additional comments in the attached section, titled “Discussions”.
Acknowledgement: CCB gratefully acknowledges the very thorough set of supporting materials
that were provided by the requesters.
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Provisional Statements
CCB recognizes that adoption of 650MHz RF for the DRs, while likely being beneficial, has
numerous implications to the design of ILC and will result in a list of additional design and
development tasks. On the other hand, no explicit objections have been offered by any of the Area
Groups, Global Groups and Technical System Groups concerning such R&D implications. Therefore,
CCB approves this change request under the assumption that the GDE groups will address the
related issues, including the ones enumerated below, without delay.
1. The scientific ground for demanding the DRs to accommodate up to 5400 bunches in the
low-Q operation has not yet been thoroughly documented in BCD. While some short
statements exist in BCD on a general desire to reserve a certain “parameter space”, it would
be highly desirable to present more tangible and quantitative justifications for it as well.
(CCB recognizes that the task of improving this part of BCD belongs to the authors of the
relevant Parameter Sections, rather than the DR Area Group).
2. The level of design and operational flexibilities offered by 650MHz RF should be more
extensively examined and their implications be better understood and documented. The
analysis presented by the requesters is not examining the cases of adopting other bunch
spacing (i.e. 4.5ns, 6ns for 650Hz) or other harmonic numbers.
3. The electron cloud effect in the positron ring might become more problematic with the
shorter bunch spacing (3ns instead of 4ns), resulting from the increased RF frequency
(650MHz from 500MHz). It is noted that the electron cloud effect might be more sensitive
to the choice of the bunch spacing, rather than to the train gap. CCB suggests continued
systematic studies on the electron cloud effects.
4. For the DR kickers to operate with rise/fall times of < 3ns with a repetition rate of 6MHz, a
very systematic development program has to be carried out. This has to be done under a
disciplined group structure which acts on clear timeline goals.
5. Actual development work, first exploratory, in addition to the costing efforts, concerning the
650MHz RF system has to be carried out by the relevant Technical System Groups.
Naturally, this will have to be done in consultation with the Damping Ring Area Group,
DCB and RDB.
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Discussions
CCB offers its remarks and comments in the form of responses to the four subjects that were noted
in the original change request communication:
1. Fill patterns and ability to achieve the Low-Q parameter set.
Requester’s statement: With the baseline ~ 6 km circumference, both 500 MHz and 650
MHz RF frequencies allow up to 5400 bunches in the damping rings. However, with this
number of bunches, there is no possibility of ion-clearing gaps with the 500 MHz RF system.
With a 650 MHz RF system, on the other hand, a fill of 5400 bunches can be achieved, with
sufficient gaps to clear ions and avoid fast-ion instability. The importance of the Low-Q
parameter set (5400 bunches) has been emphasized. Since 650 MHz is a simple subharmonic
(1/2) of the main linac RF frequency, a 650 MHz RF system in the damping rings would provide
somewhat better flexibility in terms of the bunch charge and bunches per train, than a 500 MHz
RF system. A 520 MHz RF system could also provide good flexibility, but would not provide
sufficient gaps for ion-clearing with the Low-Q parameter set.
CCB Response: CCB agrees with the requester’s assessment in favoring 650MHz
from the standpoint of securing a seemingly sufficient amount of train gaps, as an
important counter-measure against fast-ion instabilities in low-Q (~5400 bunch)
operation.
The use of 650MHz RF increases the harmonic number by ~30%, so that, when combined with
a very moderate increase of the ring circumference, a sufficient number of buckets become
available to accommodate a reasonable amount of train gaps even in operation with ~5400
bunches. This is expected to ameliorate the concerns over fast ion effects and it offers good
headroom for maintaining the Low-Q scheme as a viable option, as pointed out by the
requesters.
While similar benefits are expected with RF at 520MHz, a smaller increase of the harmonic
number results in either (1) a need for making the DR circumferences longer (by ~25%) to
accommodate a comparable amount of train gaps, or (2) a reduced amount of train gaps with the
same DR circumference.
Dialogues with colleagues who participated in drafting the BCD parameter section revealed that
the rationale behind the low-Q includes the following:
- The physics experiments may have some research programs which prefer reduced
beam-induced backgrounds.
- The (unexpectedly strong) “Banana” pinch effects at the collision point may call for
reducing the bunch intensity.
CCB notes that it would be highly desirable to elaborate these points for the low-Q (and similar
corresponding statements for other parameter sets) in the main body of the BCD. And CCB
notes that the task of improving this part of BCD belongs to the authors of the Parameter
Section, rather than the DR Area Group.
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CCB considers that the level of design and operational flexibilities offered by 650MHz RF
should be more extensively examined and their implications be better understood and
documented. The analysis presented by the requesters is not examining the cases of adopting
other bunch spacing (i.e. 4.5ns, 6ns for 650MHz) or other harmonic numbers. Some suggest the
benefits of adopting 650MHz which exactly half the Main Linac RF of 1.3GHz could have
additional benefits in terms of bunch timing controls and switched operations of two interaction
regions. CCB understands that a new taskforce launched by GDE EC in February, 2006 will
attempt to analyze many of these issues (Also see item 3 below).
CCB also notes that the electron cloud effect in the positron ring might become more
problematic with the shorter bunch spacing (3ns instead of 4ns), resulting from the increased RF
frequency (650MHz from 500MHz). The electron cloud effect might be more sensitive to the
choice of the bunch spacing, rather than the train gap. CCB suggests continued systematic
studies on the electron cloud effects.

2. Bunch spacing in the damping rings and injection/extraction kicker parameters
Requester’s statement: With a 500 MHz RF system and filling every second RF bucket in
the damping rings, the bunch spacing is 4 ns, which is challenging for the injection/extraction
kickers. To allow ion-clearing gaps in a 6.6 km ring with 650 MHz RF frequency and 5400
bunches, it is necessary again to fill every second bucket; the bunch spacing is now reduced to
3.08 ns. Assuming a pulser is available that, with striplines of roughly 30 cm in length, will
provide < 4 ns rise/fall time, the same pulser could be used with 20 cm striplines, to provide < 3
ns rise/fall time. The kickers are critical components in the damping rings, and there is an
active R&D program to demonstrate the necessary parameters. Achieving rise/fall times of < 3
ns is thought to be feasible.
CCB response: CCB agrees with the need for revising the specifications for the
injection/extraction kickers for the damping rings, as pointed out by the
requesters. CCB also acknowledges the recent progress in the development of
fast kickers. Rise/fall times of 2~3ns at a repetition rate of 3MHz has been shown in pilot
studies performed at KEK ATF. Thus, the rise/fall times of < 3ns is thought to be feasible by
some (many).
However, CCB notes that a full system demonstration, with <3ns rise/fall times, and actual beam
extraction with pulsers driven at 6MHz, has not yet been realized at this point of time (February,
2006). CCB points out that there is a strong need for a systematic development program with a
disciplined group structure which acts on clear timeline goals to secure the technical basis for the
kickers to work with the 650MHz DRs.
3. Phase stability of bunches extracted from the damping rings.
Requester’s statement: There are demanding tolerances on the phase stability of bunches
extracted from the damping rings arriving at the bunch compressors. Phase locking between
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the damping rings RF system and the bunch compressors and linac RF systems (at 1.3 GHz)
must be achieved with high precision. In principle, phase locking with good stability can be
achieved with both 500 MHz and 650 MHz RF systems in the damping rings; there has been
some discussion of whether a system using a simple subharmonic of the main linac RF
frequency in the damping rings (650 MHz or 1/2, as opposed to 500 MHz or 5/13) would be
more robust. This issue has not been studied in detail.
CCB response: CCB agrees with the requester’s statement. CCB understands that
details of this timing/layout issue is currently looked into by a taskforce
dispatched by the GDE Executive Board. CCB expects that critical outputs from
this study will be submitted as an addition to the BCD.
4.

Availability of RF system components.
Requester’s statement: 500 MHz RF systems are standard, and widely used (for example)
in third-generation synchrotron light sources. 650 MHz RF systems are not standard, and
would require more R&D. Some studies on the cost implications have been carried out at LNF.
There are not expected to be any significant technical issues. A further suggestion has been
made of using 520 MHz RF frequency in the damping rings; this is close enough to 500 MHz to
be considered “conventional”; however, it does not provide the possibility of ion-clearing gaps
with the Low-Q parameter set. A change in the baseline damping rings RF frequency will
impact the damping rings diagnostics and instrumentation, and this will need to be given some
consideration. However, it is expected that the use of a non-standard RF frequency, and one
higher than 500 MHz, will not prevent the required performance from the diagnostics being
achieved, though some additional R&D may be needed.
CCB response: CCB agrees with the requester’s statement. CCB assumes that the
assessment of the work required to develop the 650MHz RF system together with
actual development and costing work will be carried out by the relevant Technical
System Groups in consultation with the Damping Ring Area Group, DCB and RDB.
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