July 13, 2006
To:
Distribution
From: GDE Change Control Board
Subject: Response to the Change Request (June 12, 2006) for the BCD Main Linac
Section

Preamble
This is the CCB response to the proposed changes to apply to the Main Linac section of the Dec.
2005 version of GDE ILC Baseline Configuration Document [1]. CCB received the change request
from C. Adolphsen on June 12, 2006 and CCB forwarded it to GDE the same day [2]. This Change
Request was treated as Class-1 [3]. C. Pagani and W. Funk were assigned as the CCB reviewers.

Summary
Requester proposed:
1. To change the density of quadrupole magnet packages (includes corrector magnet and BPM)
in the Main Linac from every fourth cryomodule to every third cryomodule. To preserve
the linac length and the βmax of the lattice, the length of the quads and correctors would be
reduced to ¾ of their current lengths. This proposal was justified on the basis of assertions
of savings in [4]:
a. the RF distribution system
b. the quadrupole current distribution system
c. RF controls
d. installation
e. the magnet package
2. To separate the quad and corrector magnets longitudinally, justified by elimination of
persistent currents in the quads generated by changes to the corrector settings, and by
opening the option of using superferric magnets in the low-energy section of the linac.
3. To eliminate one measurement of beam energy and energy spread in the linac, leaving only
one measurement in each linac, at the undulator in the e- linac, and the equivalent position in
the e+ linac. Given that measurements are also made at the end of the RTML and the
beginning of the BDS, the second measurement in the linac is judged to be superfluous.
4. To remove a duplicated section on cryogenics and several other updates of outdated
information.
5. Not mentioned in the submission cover, but included in the documentation, is a request to
add six laser-wire stations, each containing one laser-wire scanner to provide a point of
beam profile measurement.
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6. Not mentioned in the submission cover, but included in the documentation, is a request to
revise the number of RF units to use in the main linacs on the basis of a new calculation,
which accommodates a 3% energy reserve and additional units for compensating for the
energy loss in the undulators for the electron main linac, but not the 5% overhead for BNS
damping which had been assumed at the time of Frascati version of BCD.

Discussion:
The assessment and remarks by CCB, concerning each of the proposed changes above, are listed
in the following:
1. Reduction in the quad and corrector lengths should be sufficient to minimize the impact of
this change on the overall tunnel layout (there will be a length increase associated with ~156
extra BPM, and for the separation of the quad and corrector packages, see below), but at this
stage it is still reasonable to suppose that space can be found for it in the existing
cryomodule length). Preservation of the lattice functions should prevent any impact on
beam dynamics. While the number of the magnet-corrector-BPM packages to be built and
tested increases by 33%, the unit cost of these packages is estimated to decrease by 10%,
since the magnets are shorter. The net direct cost increase is therefore 20% of the present
cost of this subsystem.
There are, however, other avoided costs associated with the elements identified in 1(a)
through 1(d) of the proposal above. This is because of essentially the identical installation
pattern to repeat across the whole set of RF units each of which comprises of three
cryomodules where exactly one of them is supposed to contain a magnet-corrector-BPM
package. This was not the case with the Frascati version of BCD. The cost benefits are
difficult to quantify at this stage, but 10% of the installation cost related to the main linacs is
suggested.
With the accuracy possible at this time, this element of the proposal seems likely to be cost
neutral. It should have a positive impact on schedule through the simplification of
installation planning for the RF system and magnet cabling.
2. The operational benefits of this change are substantial. The only negative impact is on
cryomodule length, but that is still small enough to leave some hope of accommodating it by
savings elsewhere, e.g. inter-cavity separation. See Appendix 1 for a comment.
3. There have been no comments on this proposal.
reduction.
4. Simple editorial change.

It should lead to a very modest cost

No technical content and no comment.

5. See Appendix 1 for a comment on this proposal. It will cause a very modest cost increase
and presumably have a positive impact on linac operability.
6. See Appendices 3, 4 and 5 for comments on the BNS damping. The consensus opinion of
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beam dynamics experts tells that at this moment it is not necessary to account for BNS. See
part of Appendix 4 and Appendix 6 for comments concerning the specifics of unit counting.
While 1m was assumed for the cavity length at the time of Frascati BCD, the new
calculation takes an accurate number 1.03722m. With the operating field gradient of
31.5MV/m, the required number of RF units to accelerate the beams from 15GeV to
250GeV, with a crest angle of 5 deg and an energy overhead of 3%, would be
NRF = 1.03 × 235000 / (31.5 × 1.03772 × 0.99619) / (3 × 8) = 310
By considering the cryosystem segmentation, 312 becomes the preferred number of RF
units for the positron main linac. The electron main linac adds extra 3GeV acceleration to
compensate the energy loss due to undulators, and the RF unit number there becomes 316.
CCB agrees that these are reasonable baseline assumptions at this moment.
The CCB received a communication from the Chair of the Design and Cost Board (Appendix 2), in
which he acknowledged that the increased number of magnet packages was already part of the cost
estimate being prepared globally, and in the interest of keeping the baseline documentation
consistent with the estimate, recommended approval of the request.
CCB response:
1. CCB accepts this configuration change in its entirety, as proposed.
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Appendix 1
Comments on [Ext-GDE-46] ML Change Request - June 12, 2006
Reported by Atsushi Enomoto
2006.5.26
Material:
BCD Chap.6 Main Linac
(1) Quadrupole magnet configuration
Changed from “every fourth” to “every third” cryomodule.
If we take "every fourth cryomodule includes a quad" case, we have to make four kinds of RF
unit configurations as below, using cyomodules with quads(Q) and those without quads(N);
(1) N-Q-N,
(2) N-N-Q,
(3) N-N-N,
(4) Q-N-N.
In this case, because the lengh of modules with quads is longer, we need to adjust waveguide
lengths for these four types. This may cause extra cost.
On the other hand, "every third ..." case, we have only one RF unit configuration,
N-Q-N.
This change increases the number of quads by 33% and increase the cryo-string length from
142.34 to 142.61m (+0.19%). However, it keeps the regularity of RF unit configuration and
avoids such extra cost as mentioned above.
But at present I do not know which cost is larger, 33% quad cost or extra waveguide length
adjustment cost.
(2) Separation of dipole correctors and quadrupole magnets
Changed from combined type to separate type. This change increases the cryomodule length
and magnet cost. However, the separate type has advantages in performance and operation and
the combined function will carefully be studied if it will affect the beam quality or not.
About the above, I have no more information to comment cost impact quantitatively.
(3) A laser wire monitor
Laser wire monitors are the essential device to diagnosis beam emittance at non dispersive part
and beam energy spread at dispersive position. Warm drift spaces will be necessary for this
purpose. And the distance of 2.2km (one cryogenic unit) seems reasonable.
(4) RF unit description
The changed description more clearly explains the required number of RF units.
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Appendix 2
To:
From:
Subject:

Nobu Toge and Change Control Board
June 22, 2006
Peter H. Garbincius for Design Cost Board
Comments on [Ext-GDE-46] ML Change Request – June 12, 2006

Atsushi Enomoto prepared the appended report and presented it at today’s meeting of the DCB.
Locating a quadrupole/corrector package every third cryomodule in the Main Linac is already the
current plan for the cost estimate, rather than a quadrupole/corrector located every fourth
cryomodule. Until we have actual cost estimates (after Vancouver), we cannot gauge what cost
impact this change would have. It is apparent that this new configuration will increase the total
cost of the sum of the quadrupole/corrector packages by 33% (is this significant with respect to the
total ILC cost estimate?), but this could be balanced by a decrease in the complexity (and cost) of the
RF distribution system. Simplified RF distribution systems under consideration may make it
highly desirable, or possibly even necessary, to preserve this symmetry for each RF unit
encompassing three cryomodules or 24 cavities. Therefore DCB, at this time, recommends adopting
this change so that the BCD reflects the current situation.

Peter
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Appendix 3
To:
cc:
Date:
From:
Subject:

N.Toge, N.Solyak, L.Lilje, H.Hayano, T.Peterson, J.Tompkins
CCB, T.Shidara, W.Bialowons, N.Walker, G.Dugan
Mon, 10 Jul 2006 23:46:06 -0700
C.Adolphsen
[CCB-475] Still, Draft CCB Response to Linac Change Requests

Hi Nobu,
The 2% BNS overhead was a placeholder (NLC legacy) until more studies were done as to whether
BNS phasing is needed at all. The consensus is that it is not - see emails below from Kubo, Nikolay
and PT (note that in our proposal, there is overhead for 5 deg off-crest operation in addition to a 3%
overhead for failures).
--------------In my simulations, I set the RF phase constant throughout the main linac. The phase is 4.6 degree for
making the final energy spread (almost) minimum.
I do not think we should introduce BNS energy spread, which would increase dispersive effects.
Kiyoshi Kubo
------------------In our simulations BNS energy spread profile wasn’t assumed.
We use regular phase -5.1 degree off crest to minimize energy spread at the end of the linac.
BNS will increase dispersion effects. Luminosity degradation due to “banana” effects can be
effectively cured by feedback in IP.
Nikolay
----------------------Just adding my two cents: though I haven’t really been involved, I seem to recall that in every study
we’ve done we've found that BNS phases do somewhat increase the end-linac emittance due to the
additional dispersion contribution. As Nikolay implied, the entire purpose of the BNS energy
spread was to reduce the effect of the "banana" (which is not yet included in linac studies), not to
make the linac run better. Since then we think that the best cure for the banana, as Nikolay said, is
the intra-train feedback at the IP, so we (probably!) don't need any BNS phasing in the linac.
-PT
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Appendix 4
To:
Cc:
Date:
From:

C. Adolphsen
N.Toge, N.Solyak, L.Lilje, H.Hayano, T.Peterson, J.Tompkins, CCB, T.Shidara,
W.Bialowons, N.Walker, G.Dugan
Tue, 11 Jul 2006 19:35:08 +0900
K. Kubo

Dear Chris and All,
On BNS phasing:
As in the message from PT, we (probably!) don’t need any BNS phasing in the linac. Probably.
There is a question: How sure should it be for BCD?
I am afraid it will take time to confirm if the intra-train feedback can cure the banana-effect
satisfactorily. I think, not including BNS phasing will be fine, as a working assumption in BCD ( and
RDR).
Can we agree?
I have another question, about the number of RF units:
I got 311 instead of 312, for positron linac, as follows.
Cavity length:
L=SpeedOfLight / RF-Frequency×9/2 = 1.03774 m,
Gradient:
g=31.5e6 V/m,
Off crest phase
= 5 deg,
Number of cavities:
8×3×311,
Number of operated cavities: 8×3×311× (1-0.03) =301.64Æ 301,
L×e×g×Cos[5 deg] ×3×8×301 = 235.24 GeV > 250-15 GeV.
Then, 311 units are enough.
Did I make any mistakes?
Kiyoshi Kubo
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Appendix 5
To:
Cc:

K.Kubo, C.Adolphsen
N.Toge, N.Solyak, L.Lilje, H.Hayano, T.Peterson, J.Tompkins, CCB, T.Shidara,
W.Bialowons, N.Walker, G.Dugan
From:
D.Schulte
Date:
Tue, 11 Jul 2006 12:50:59 +0200
Subject: RE: [CCB-475] Still, Draft CCB Response to Linac Change Requests
Dear all,
I would like to add my two cents. The intra-pulse luminosity optimisation at the interaction point
recovers the old dependence of the luminosity on the emittance L~1/sqrt(epsilon_y); it cures the
banana effect. The intra-pulse offset feedback performs less efficiently. However, as far as I recall,
the BNS phases were chosen to optimise one specific case (initial beam jitter) and the optimisation
may be completely differently if one uses a different dynamic imperfection source.
For the moment I would think it is fine to not account for BNS damping.
Cheers,
Daniel.
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Appendix 6
To:
Cc:

K.Kubo, C.Adolphsen
N.Toge, L.Lilje, H.Hayano, T.Peterson, J.Tompkins, CCB, T.Shidara, W.Bialowons,
N.Walker, G.Dugan
From:
N.Solyak
Date:
Tue, 11 Jul 2006 15:02:33 -0500
Subject: RE: [CCB-475] Still, Draft CCB Response to Linac Change Requests

I think for now we should fix number of RF_Units as:
Electron Linac = 316
(extra units for compensation of energy losses in undulator)
Positron Linac = 312
It means that overhead will be not exactly 3%, but close.
This numbers fit well proposed cryo-segmentation.(see attached file and T.Peterson cryogenic
spread-sheet)
Thanks,
Nikolay

9

Number of cryomodules, needed for the Main Linac
Gradient (MV/m)
31.5
Off-crest phase (deg)
5

Energy gain per N_RF_Units
RF_Unit (GeV) (E=235GeV)

0.780235628

301.2

BCD:

Add 3%

RF_Units total

9.0

310.2

If cavity length = 1m (in Old BCD, Error in cavity length???)
dE/RF_unit
0.753123178

N_RF
312.0

5% overhead
15.6

RF_U total
327.6

e- Linac
e+ Linac

N_CM
948
936

N_RF N_STRING N_Sector*
316
312

79
78

19.75
19.5

N_CU_Long N_CU_Short
(16 Strings) (15 Strings)
4
1
3
2

Comments:
e- Linac Includes 12CM to compensate losses in undulator and 3% overhead
e+ Linac Includes ~3% overhead
Cryosegmentation (T.Peterson, May 31,2006):
RF_Unit = 2*CM_NoQuad+CM_Quad
STRING = 4 * RF_Units
SECTOR_Long = 4 * STRINGS
N_CryoUnit_Long = 16 STRINGS
N_CryoUnit_Short = 15 STRINGS
Warm sections between Cryounits only
Endboxe each
STRING, Sector or Cryounit

35.085 m
142.842 m
571.366 m
2288.0 m
2145.1 m
6.271 m
2.5 m

