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Trip Report

Travel to Frascati, Italy

Thomas Peterson 

Division#:


T616

Report Date:


Dec 12, 2005

Dates of Travel:

Dec 03, 2005 departed Chicago





Dec 04, 2005 arrived in Rome, Italy





Dec 04, 2005 departed Rome for Frascati





Dec 04, 2005 arrived Frascati





Dec 09, 2005 departed Rome, Italy





Dec 09, 2005 arrived in London





Dec 10, 2005 arrived in Chicago

Traveler:

Thomas J. Peterson 

Position/Title:

Engineer 

Organization:

Fermilab

DOE Code:

FA

Business Address:

Fermi National Accelerator Lab



Kirk & Pine Sts, MS 316



P.O. Box 500



Batavia, IL  60510-0500

FTMS Trip #:

200601225

Destination:

Frascati, Italy 

Vacation:

none 

Purpose of trip:
To attend the TESLA Technology Collaboration (TTC) meeting, December 5 – 7, and to attend the International Linear Collider (ILC) Global Design Effort (GDE) meeting, December 7 – 9, both meetings at the INFN laboratory, Frascati, Italy.
Persons Contacted:



Chris Adolphsen (SLAC) 


Tug Arkan (Fermilab) 


Cristian Boffo (Fermilab) 


Yury Bozhko (DESY) 


Isidoro Campisi (ORNL/SNS) 


Harry Carter (Fermilab) 


Swapan Chattopadhyay (Jlab) 


Gerry Dugan (Cornell) 


Don Edwards (ret) 


Helen Edwards (Fermilab) 


Warren Funk (Jlab) 


Peter Garbincius (Fermilab) 


Terry Garvey (LAL) 


Mike Kelly (ANL) 


Bob Kephart (Fermilab) 


Peter Kneisel (Jlab) 


Tim Koeth (Fermilab) 


Vic Kuchler (Fermilab) 


Rolf Lange (DESY) 


Lutz Lilje (DESY) 


John Mammosser (Jlab) 


Tom Markiewicz (SLAC)


Shekhar Mishra (Fermilab) 


Don Mitchell (Fermilab) 


Sergei Nagaitsev (Fermilab) 


Tom Nicol (Fermilab) 


Hasan Padamsee (Cornell) 


Carlo Pagani (INFN Milano) 


Bernd Petersen (DESY) 


Dieter Proch (DESY) 


Tor Raubenheimer (SLAC) 


Charles Reece (Jlab) 


Claus Rode (Jlab) 


Marc Ross (SLAC) 


Kenji Saito (KEK) 


Nobu Toge (KEK) 


Dieter Trines (DESY) 


Kiyosumi Tuchiya (KEK) 


Albrecht Wagner (DESY) 


Nick Walker (DESY) 


Hans Weise (DESY) 


John Weisend (SLAC)

Facilities Visited:
INFN 

Abstract:
The TESLA Technology Collaboration (TTC) meeting is a continuation of the TESLA collaboration meetings which have been held since the early 1990’s.  This meeting focused on TTF linac operating experience, cavity surface processing methods and results, and plans for a cryomodule test facility at DESY for X-FEL.  I gave a talk about the plants and status of the ILC type IV cryomodule design.  There were some interesting comments from Albrecht Wagner about the future possible role of TTC as a coordinating organization for SRF R&D.  


The GDE meeting purpose was primarily the approval of the Baseline Configuration Document (BCD), but also dealt with the organization and plans for the Reference Design Report (RDR), which should be done at the end of 2006.  


Links to both meetings as well as previous meetings and other related information may be found at the ILC home page, at http://www.linearcollider.org/cms/.  The TTC meeting agenda and talks (including mine, in WG3 first session) may be found at https://ilcsupport.desy.de/cdsagenda/fullAgenda.php?ida=a0561.  The GDE meeting agenda and talks may be found at http://www.linearcollider.org/cms/?pid=1000185.  


I should add that the return flight from Rome to London on Dec 9 was delayed by 3 hours, reportedly due to fog in London, which caused me (with Tom Nicol) to miss the flight to Chicago, the last from Heathrow on Dec 9.  We took the first flight to Chicago on Saturday morning, Dec 10.  

Trip Analysis:
The following is a day-by-day summary of my notes.  

Monday, December 5, 2005:  

TTC meeting 

Albrecht Wagner (director of DESY) opening talk.  

Wagner proposes that the TESLA Technology Collaboration (TTC) serve as technology coordinator for SRF R&D and mentioned retaining compatibility of objects for test, so as to share test facilities, etc.  

Hans Weise spoke for the TTF/VUV-FEL group.  Modules ACC4 and ACC5 only need 4MV/m for operating VUV-FEL at 32 nm.  However, they have done high gradient tests with beam.  ACC5 reached 25 MV/m and 32 MV/m with cavity #8 detuned.  Cryogenic load at 40/80 K was within specs as were low T loads.  Downtime in % with respect to scheduled up-time.  3.7% klystrons.  1.9% cryogenics “clearly dominated by one event connected with the use of the small/local refrigerator.”  (TTF now normally receives cooling from the HERA plant.)  PETRA ramping disturbs the TF/VUV-FEL operation via magnetic field.  The TTF machine is very sensitive to external electric/magnetic noise.  Module 5 has blown 4 of 8 stepping motors on tuners, caused by the use of some wrong electronics which placed a holding current on stepping motors and burned them out.  DESY want the 3.9 GHZ module!  They plan to install module ACC6, repair ACC5 and replace ACC3 in an upcoming shutdown, which now may or may not be the same shutdown as for 3.9 Ghz installation.  

Hasan Padamsee gave the SMTF meeting Oct 2005 report.  

Hasan’s summary focused on ILC component of the SMTF meeting.  Cavities – 4 received from ACCEL, 4 ordered from Advanced Energy Technology (AET) in US, 4 naked cavities and 8 dressed will come from DESY.  Possibly 4 from KEK.  ACCEL cavity from Fermilab at Cornell is ready for BCP.  Electropolishing is done at Cornell in vertical setup and Jlab has horizontal setup.  Hasan referred to my summary report of the modules working group at the SMTF meeting, which is available on the web at http://tdserver1.fnal.gov/peterson/tom/refmenu.htm.  

Bernd Petersen spoke about the DESY XFEL Cryo Module Test Bench (CMTB).  They have had plans to build a test bench since 1997 but experienced various funding delays and other delays.  This is an R&D test bench, for which the design really got started in June 2004.  Test bench has to adapt to different types of cryomodules.  Will be capable of cooling down to 1.5 K and inclinable.  Have a chance to extend to string test.  Not planned but have space also for an injector for beam.  Will commission April 2006 maybe with dummy module.  July 2006 with module 6.  XFEL cryomodule test facility will include 2 vertical and 1 horizontal test cryostats, a magnet test dewar, and three production module test stands.  

Reinhardt Brinkmann on XFEL.  In Jan 2006 they plan to complete the 1st draft of the XFEL TDR.  In November 2006 the project should be official.  

Hasan Padamsee spoke on the 2005 SRF workshop (July, 2005, in Ithaca, NY) and Nick Walker on the ILC Snowmass workshop, (August, 2005).  

Olivier Napoly gave a talk on a European program called CARE, providing support to SRF R&D programs.  Much of the needed SRF-related technology including fast tuners, blade (slow) tuners, input coupler, cavities, LLRF, BPM, etc., is supported.   

I had a fairly long one-on-one discussion with Bernd Petersen about XFEL and ILC modules and cryogenics.  Bernd says that Hans Quack (University of Dresden) is applying a factor 1.4 to the CERN cost formula for cryogenic plants.  We speculated that part of that is a result of metal costs having risen faster than overall inflation since the CERN analysis in the late 1990’s, and also perhaps the limited competition and small, inconsistent market in the cryogenics industry.  In XFEL, each string connection box will contain reliefs for 2.2 K forward and 5 - 8 K line, about every 150 meters.  Bernd estimates a total of about  $1M for one module test stand.

Tuesday, December 6, 2005  

TTC meeting 

The cavity processing (WG 1) discussion lasted all morning.  Much of the interest is in electropolishing (EP) which has shown great promise in helping to achieve very high gradients in the niobium RF cavities, but the process also appears to have risks in that “Q-disease”, a dramatic drop in quality factor Q, has been observed following electropolishing. 

Yury Bozhko spoke on the DESY cryomodule test facility (CMTF).  

Commission in April 2006, possibly test with a dummy module or module 6 in June.  The facility will include two vertical baths, one horizontal cryostat, and an R&D module test stand (CMTB, described earlier by Bernd Petersen).  (I believe there will also eventually be three production module test stands, to be built later.)  The CMTB will be capable of inclination to 100 mm in order to test effects of inclined operation on the two-phase bath cooling and test control of liquid flow and level.  A liquid helium void fraction device will be tested.  The level of liquid at end of a cryogenic string is planned to be below the end of helium pipe, with excess liquid draining into the end level being boiled away by means of a heater.  DESY will test helium relief flow rates caused by break of vacuum.  DESY will also do tests regarding the most effective operating temperature by measuring total power down to around 1.5 K.  

Other tests will include:  displacements and vibration measurements, thermal cycle tests, and High Peak Power (HPP) processing.  

Other common work for CMTB and CMTF will include:  mechanical checks, current lead tests for the quad/corrector packages, conditioning of the main RF-couplers, measurement of the dynamic cryogenic loads for Q vs Eacc, static cryogenic heat loads, and monitoring of dark currents.  

Duration of a test is expected to be about 2 weeks include assembly and disassembly.   

The vertical cryostat is designed for 4 cavities at once (in side-by-side square arrangement at the same elevation), 400 W at 2 K, each cavity vacuum independently pumped and each cavity independently powered with RF.  

Bernd Petersen added that the plan at CMTF is to test all cavities and all modules for XFEL.  

I gave a talk called Status and Plans for the Type IV ILC Cryomodule, which is available at https://ilcsupport.desy.de/cdsagenda/fullAgenda.php?ida=a0561#s9 . 

Marc Ross of SLAC spoke on tests of the TTF HOM BPM system. 

Purpose is to find centers of cavities with respect to each other.  Hans Weise said that BPM measurements in TTF have confirmed the wire position monitor measurements well-enough for X-FEL (but not necessarily for ILC).  They have seen < 0.1 mm movement over the last two years at TTF (cold all the time, no thermal cycles).  Wire position monitors still say that the cavities are at expected and acceptable alignment values in TTF.  

KEK will install vibration monitors in their module.  

Hans Weise says that we need to verify in ILC module tests that the quad is better positioned in the center of the module.  We have also discussed this in our module working groups:  the gut feeling is that under the center post will be a more stable and solid position for the quad, but it must be checked.  At TTF, “vacuum forces” (Hans Weise’s words) at the end of first module tilted first cavity.  (I would say that pipe offsets at interconnects can result in off-centering forces due to internal pressure, as well as mechanical forces via the stiff bellows.)  Hans W. recommends a stretched wire system and beam tests to check alignment.  Hans also recommends dark current measurements in all module test stands.  DESY measures X-rays on vertical dewars and Chechia, but they are not sure how to interpret the results.  One can check the dark current spectrum with various Faraday cup thicknesses.  

Hans Weise spoke on the value of beam tests at a module test stand. 

Calibration of RF measurements is not trivial.  Horizontal cryostat (Chechia) provides tests of cavity, tuners, etc.  In vertical cryostats the test axis is not free so one is not able to measure dark current on axis.  DESY always measures X-rays.  But they get a number and are not sure what it means.  

A horizontal cryostat allows on-axis measurement, but one may not see the dark current sources since the probability to get field emitters is highest on end cells.  Emitters in cell #1 or #9 may get nice 25+ MV or just get very little acceleration in the opposite direction (~3 MV or less).  It would be nice to have a detector attached directly to the cavity.  

Dark current out of a module is more energetic and easier to measure (except from the outer cells of end cavities).  Have seen all electrons in one direction, but one does not know which direction will be seen.  

Sergei Nagaitsev (Fermilab) in a talk described Fermilab’s plans for beam tests.

Wednesday morning, December 7, 2005  

TTC meeting 

Albrecht Wagner summarized the TTC board meeting.  

The collaboration cuts across projects.  The question is how to interface projects with TTC.  The proposal is that TTC coordinate activities at different test facilities in order to avoid duplication, etc.  There is a need for a strong link between different projects.  GDE and XFEL are considering their needs.  We should balance project-driven R&D and more global R&D.  Hope to resolve the role of TTC by the meeting in Bangalore in March 06.  The TTC meeting will rotate regions, next in Asia.  Wagner will remain as chair until TTC has found “its stable shape”. 

Helen spoke on the technical board meeting. 

Module 6 will be built in spring 06 with industry as observers and tested on module test stand in 2006.  Module 7 will follow.  The goal for module 6 (type III) is 35 MV/m.  Module 7, which will replace ACC3 (type II and 25 MV/m), is also good for some industrial study.  Module 6 will spend significant time on the module test stand, maybe not module 7.  

Lutz Lilje flashed a very interesting plot of all cavity results – there has been a general upward trend, but no large leaps in performance and always huge scatter with some good results.  

Bernd Petersen gave a summary of WG3, in which I gave my talk. 

He showed the module test program list from Yury’s talk:  mechanical check, leak tests, static heat, dynamic heat, displacement tests of cold mass with thermal cycles using wire position monitors, thermal cycling, coupler processing, inclination tests, variations, venting.  Couplers for XFEL will be completely pre-conditioned.  Dark current measurements are important.  Bernd showed the lists of activities without beam and with beam.   

I made the comment that ILC will have 10 to 100 times higher helium flow rates than TTF has seen so far.  High flow rates should be tested for induction of vibrations in modules.  A module string might be necessary for such tests, since flow disturbances resulting in vibrations would be most likely induced at the interconnects.  TTF might be a place to test high flow.  

Wednesday afternoon, December 7, 2005 

GDE meeting 

The GDE meeting agenda and talks are available at http://www.linearcollider.org/cms/?pid=1000185 .

Barry Barish opening talk.  The Global Design Effort (GDE) mission is to produce a design concept, performance assessments, reliable international costing, industrial plan, siting analyses, detector concepts and scope.  The GDE mission is also to coordinate R&D.  

The baseline design is to be forward looking, but we should be confident that it can achieve the performance.  Alternates are not mature enough for the baseline, but alternatives will be part of the Reference Design Report (RDR).  

Strawman baseline configuration document (BCD) at http://www.linearcollider.org/widi/doku.php?id=bcd:bcd_home 

Purpose of this meeting here is to finalize the BCD.  Note that “white papers” were written after Snowmass to advise on topics not settled there, such as number of tunnels, tunnel curvature, etc.  

Energy upgrade path has changed against recommendations at Snowmass and the white paper, to build only 500 GeV tunnel for lower initial cost.  Yes, total cost is eventually a bit higher, one must move some injector lines at upgrade, and have a longer shutdown.  But the executive opinion is that the least cost plan with no initially empty tunnel will be easiest to sell.  

Strawman BCD agrees with curved (gravity-following) tunnel.  The cryogenics group should estimate the extra cost for “laser straight”.  One could take the “worst-case” as separate liquid pools with liquid level (LL) probe at each end of each liquid pool.  So we could have, for example, a small cryopot with liquid level probe at each 5 cm elevation change.  Special modules for slope would then include not only weirs but also pot and LL probes.  Claus Rode had the same idea and will send spreadsheet analysis.  

The linac layout shows a break in the cold module strings for an undulator.  The cryogenics group needs to see a detailed linac layout!  
Jonathan Dorfan gave a talk in his role as head of ICFA.  

He says GDE needs to pick up the pace of the technical work.  He also says that the GDE does not need to balance work regionally, but rather take advantage of talent where it is and divide up the work.  

Barry Barish -- second talk -- on ILC organization. 

Nobu Toge is head of the Change Control Board (CCB), which first finalizes the BCD and puts it under configuration control.  CCB will also assess R&D projects.  Peter Garbincius is chair of the Design Cost Board which will provide guidance for the RDR design effort.  Bill Willis is chair of R&D board, the charge of which sounds just like what Wagner suggested for TTC this morning.  

RDR Design Matrix and Global R&D program now represent the ILC organization.  Main liinac area systems is Solyak, Adolphsen, others.  Hosoyama (Asia), Laurent Tavian, (Europe), and I (Americas) are co-leaders of the Cryogenic Systems Global Group. 

Elizabeth Clements gave a talk on communications – they want input from us.  

Tom Markiewicz of SLAC gave a talk about various file servers (like CERN’s Document Server).  Fermilab and DESY are using forms of EDMS.  InDiCo is an industry standard for managing talks.  CERN EDMS is well-used, having over 630k documents.  UGS TeamCenter EDMS has been adopted by DESY for XFEL.  It is used by GM and Nisson.

Thursday, December 8, 2005 

GDE meeting.  Working group plenaries .  There are summaries of “working groups” before the break today and “Global Groups” after the break with progress since Snowmass.   

Hitoshi Hyano reporting on WG2.  (Chris Adolphsen’s main linac group from the US point of view.)  Reviewing BCD and ACD results.  He showed the cryomodule summary and cryogenic system summary from the BCD.  The only alternative listed for cryogenics is the shorter (shorter than the 2.5 km cryogenic unit) maintenance length.  

In a one-on-one discussion with me, Dieter Proch says that we should design the ILC cryogenic system for 35 MV/m and Q0 = 0.8 E10.  Carlo Pagani does not agree.  My note:  a system for 35 MV/m and 0.8E10 is 1.5 times the size of 31.5 MV/m and 1.0E10.  This is the level of uncertainty in specifications for the cryogenic system right now.  (More below.)  

There are superconducting undulators for positron source.  4.2 K, about 200 m of 4 m modules.  

Lutz Lilje on WG5 summary. 

Superconducting joints R&D could allow superstructures and may not be too difficult.  HPP has been useful on scale of 20 – 25 MV/m to remove field emitters but not tried at 30 – 35 MV/m level.  HPP may lead to lower Q but may be viable as recovery from major venting accident.  It has technical impacts like waveguide plumbing.  Lutz’s summary overlaps from cavity issues into module issues such as tuner, cavity spacing.  

Nick Walker agrees with the following (which Carlo Pagani previously also confirmed): Cryo string could be at 35 MV/m but overall system is designed for 31.5 MV/m, Q0 = 1.0E10.  Locally high gradients but also locally low gradients and Q’s average out over the whole linac.  Quadratic average between 29 and 35 with linear average at 31.5 is still about 31.6 so difference for power average relative to gradient average is in the noise.  So design module and “string” (JT valve to exit baths, etc.), for 35 MV/m, 0.8E10, but overall system for 31.5 MV/m, 1.0E10. 

But Dieter Proch says:  eventually increase energy to limit of cavities when get other systems working well, all were qualified at 35 MV/m, 0.8E10, so entire system must eventually be able to run there, without adding to the cryogenic system.  Thus the cryogenic system must be sized for 35 MV/m, 0.8E10. 

I described this inconsistency to Gerry Dugan and asked for resolution.   

Marc Ross (GG2) – A BPM issue is integrating the BPM with the cold accelerator without contaminating it – cleanable BPM.  Want a 2 meter warm insert perhaps in special cryomodules, like a short anti-cryostat with cold pipes around it.  Marc says R&D requests at TTF and SNS (only pulsed SRF linacs) are disappointingly small.  My comment: cryo people should ask for R&D time at TTF and propose some studies.  Perhaps some high-flow studies could be done.  

Vic Kuchler and Jean-Luc Baldy on civil engineering for ILC. 

Vic recommends video conferencing and that other group representatives join them.  I agree, we should stay in close contact with the civil engineering group. 

Nick Walker leading BCD discussion. 

Nobu Toge presenting upgrade scenarios.  They recommended full tunnel with later installation of half and viewed that as the ILC community consensus.  Tunnel task force: Two tunnels are better in all respects except cost.  Daniel Schulte (CERN) – curved piece-wise or laser straight.  Beam dynamics favors straight.  Cryogenics favors curved.  Weighed concerns. Conclude that choice depends on cost.  Need to assess cost impact on cryogenics.  I agree with Daniel’s presentation – we need to assess the cost of slopes for the cryogenic system.  (More comments below.) 
Contrary decisions: 

Energy upgrade – short tunnel adopted – a debate about that, centered on cost and getting approval, upgradeability, physics at 500 GEV and higher energies, flexibility. 

Main linac quad spacing – 32 cavities per quad (WG1 said 24) 

GG2 recommends 1 micron BPM resolution, but BCD recommends 10.  

Burton emphasized importance of energy flexibility and incremental energy upgrade.  (In light of that, I would suggest shorter spacing with option to increase cryo capacity at each plant.)  

Nick:  BCD is inconsistent, does need work.  CCB will be more of an “acquire” control board over the next few months.  Jonathan Dorfan took issue with that wording, “acquire”.  

Cryo discussion.  John Weisend, Bernard Roussett, Laurent Tavian, myself.  

John points out that we want undisturbed 2-phase flow for constant pressure.  

I suggest the following baseline Cryogenic System Baseline, draft revised statement, as a better definition of scope for the RDR: 

BCD:  The basic layout choice for the cryogenic system is that outlined in the document http://www.linearcollider.org/wiki/lib/exe/fetch.php?cache=cache&media=bcd%3Amain_linac%3Ailc_bcd_cryogenic_chapter_v3.doc .  Heat loads and other fundamental parameters which determine cryogenic system size are still under review.  Impact of tunnel slopes on the cryogenic system are yet to be determined.  The maintenance length (i.e., the length that would need to be warmed up to repair a cryomodule) is half of the refrigerator spacing.  

BCD continued:  The cryogenic system includes not only the helium cooling plants and distribution. The cryogenic system also includes non-RF, non-magnetic, cryogenic “boxes” embedded in the linac such as feed boxes, turnaround boxes, valve boxes, cold bypasses, and isolation boxes.  These must be intimately integrated with the linac cryomodules, but one should include most of these devices having primarily cryogenic functions with the cryogenics effort.  The cryogenics global group will work closely with the cryomodules group to define equipment boundaries and make sure that we neither double-count nor leave something out.

A few more notes about a sloped system: 

I have 134.38 meters per string in my ILC cryo spreadsheet.  A 0.6% slope (from 0.3% for laser straight + 0.3% for CERN site) gives  0.006 x 134.38 = 0.8 meters elevation change.  Could just flow liquid helium downhill like LHC.  There are actually advantages, such as reduced time constant for control. But Claus Rode claims we need a surface area of liquid in the 2-phase pipe for evaporative cooling, that the evaporative heat flux limit at the surface is about 0.1 of the critical flux. (I am not convinced; this would be a good little R&D project.)  The results of Claus’ argument and origin of strong language against slope after Snowmass is that one would need liquid pooling in the 2-phase pipe to provide enough surface area for evaporation.  The difference of elevation between weirs can be 5 cm in the 8 cm pipe, so with 0.6% slope need weir every 8.333 meters.  Perhaps also one should measure liquid level behind each weir.  This starts to result in an expensive system.  However, a very simple and relatively inexpensive liquid-running-down-the-pipe solution should not be discounted yet.  Some R&D is required, but in my opinion slopes may not be a big problem for cryogenics.  
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