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Goals of the CAREGoals of the CARE--HHH NetworkHHH Network

•• Roadmap for the upgrade of the European accelerator Roadmap for the upgrade of the European accelerator 
infrastructure (LHC and GSI accelerator complex)infrastructure (LHC and GSI accelerator complex)

luminosity and  energy upgrade for the LHCluminosity and  energy upgrade for the LHC
pulsed SC high intensity synchrotrons for the GSI and LHC complepulsed SC high intensity synchrotrons for the GSI and LHC complexx
R&D and experimental studies at existing R&D and experimental studies at existing hadronhadron acceleratorsaccelerators
select and develop technologies providing viable design optionsselect and develop technologies providing viable design options

•• Coordinate activities and foster future collaborationsCoordinate activities and foster future collaborations
integrate the effort of major laboratoriesintegrate the effort of major laboratories
integrate the effort of small labs and universitiesintegrate the effort of small labs and universities
assemble a community capable of sustaining the technical assemble a community capable of sustaining the technical realisationrealisation
and scientific exploitation of these facilities and scientific exploitation of these facilities 

•• Dissemination and outreachDissemination and outreach
create an information network, publish and document resultscreate an information network, publish and document results
set up a set up a web based beam dynamics code repositoryweb based beam dynamics code repository and a and a database for database for 
SC cable and magnetsSC cable and magnets
discuss improvements for existing discuss improvements for existing hadronhadron beam facilities in Europebeam facilities in Europe

Coordinate and integrate the activities of the accelerator and particle 
physics communities, in a worldwide context, towards achieving 
superior High-Energy High-Intensity Hadron Beam facilities for Europe
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CARECARE--HHH Network HHH Network –– 3 Work3 Work--PackagesPackages
WP1: Advancements in Accelerator Magnet Technologies (AMT)

• coordinated by L. Rossi (CERN) and L. Bottura (CERN)
• keywords: stability and quench limit of LHC insertion magnets, 

pulsed magnets for LHC and GSI accelerator complex upgrade, 
magnets for booster ring, high field magnet design, optimisation of 
the overall cost

WP2: Novel Methods for Accelerator Beam Instrumentation (ABI)
• coordinated by H. Schmickler (CERN) and K. Wittenburg (DESY)
• keywords: tools and diagnostic systems for luminosity, wire for 

beam-beam compensation, advanced transverse beam diagnostics, 
feedback loops for orbit, chromaticity and coupling, advanced 
beam halo diagnostics, remote diagnostics and maintenance of 
instrumentation

WP3: Accelerator Physics and synchrotron Design (APD)
• coordinated by F. Ruggiero (CERN) and F. Zimmermann (CERN)
• keywords: Interaction Region design for LHC luminosity upgrade, 

optics design for booster synchrotrons, impedance calculations, 
structured list of intensity limits, electron cloud effects, beam 
measurements and advanced theoretical studies on halo formation 
and loss mechanisms
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Main HHH Participating InstitutesMain HHH Participating Institutes
AMTAMT ABIABI APDAPD

CEACEA ××
CERNCERN ×× ×× ××
CSICCSIC--CIEMATCIEMAT ×× ××
CCLRCCCLRC ××
DESYDESY ×× ××
GSIGSI ×× ×× ××
INFNINFN ×× ××
PSIPSI ××
TEUTEU ××
WUTWUT ××

Associated Institutes: CRPP, ENEA, TUBE, ESRF, UPSA, FZK, TEMF,
US-LARP (BNL, FNAL, LBNL), JINR, IHEP, KEK

Additional collaborations: Un. Texas A&M (P. McIntyre), Un. Geneva (R. Flükiger)
⇒ new Un. Bologna (G. Turchetti)
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Ongoing HHH activities in 2005Ongoing HHH activities in 2005
•• Events:Events: A total of A total of 7 workshops organized in 20057 workshops organized in 2005 (two are planned in (two are planned in 

December). Significant  participation often extended to represenDecember). Significant  participation often extended to representatives of the tatives of the 
European IndustryEuropean Industry. New working groups on . New working groups on Pulsed SC MagnetsPulsed SC Magnets and and LHC LHC 
Luminosity UpgradeLuminosity Upgrade (machine(machine--experiment interface with ATLAS and CMS)experiment interface with ATLAS and CMS)

•• Dissemination and outreach:Dissemination and outreach: intense effort for dissemination of information. intense effort for dissemination of information. 
Several talks on HHH activities in European labs and UniversitieSeveral talks on HHH activities in European labs and Universities or in s or in 
international workshops organized by other Institutions. Highliginternational workshops organized by other Institutions. Highlights from the hts from the 
HHHHHH--2004 workshop2004 workshop were published in the were published in the CERN CourierCERN Courier in June 2005.in June 2005.
•• 14 new HHH publications in 2005,14 new HHH publications in 2005, 4 of which are workshop proceedings4 of which are workshop proceedings
•• HHH web site finalized, with pages specific to each workHHH web site finalized, with pages specific to each work--packagepackage

•• Exchanges and educational aspects:Exchanges and educational aspects: Two US accelerator specialists hosted Two US accelerator specialists hosted 
by CERN (AMT). Two junior scientists active in HHH hosted and suby CERN (AMT). Two junior scientists active in HHH hosted and supported, pported, 
one by CERN (AMT), the other by the Univ. one by CERN (AMT), the other by the Univ. BeneventoBenevento, Italy (APD). A , Italy (APD). A 
master degree student was active at CERN on AMT issues. A mastermaster degree student was active at CERN on AMT issues. A master degree degree 
and a doctoral student just hired at CERN will investigate issueand a doctoral student just hired at CERN will investigate issues related to s related to 
APD (D0 dipole) and APD (D0 dipole) and AMT databaseAMT database, respectively. Two doctoral students have , respectively. Two doctoral students have 
been working at CERN (APD) on LHC IR design aspects (dipolebeen working at CERN (APD) on LHC IR design aspects (dipole--first) and first) and 
longlong--range beamrange beam--beam compensation, and a Summer Student has contributed beam compensation, and a Summer Student has contributed 
to the settingto the setting--up of a dynamicup of a dynamic acceleratoraccelerator--physics code web repositoryphysics code web repository
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HHH publications in 2005HHH publications in 2005
11 CARECARE--ConfConf--0404--2424--HHHHHH ProceedingsProceedings of the 1st CAREof the 1st CARE--N3N3--ABI ABI 

networking meetingnetworking meeting
EditorsEditors A. Peters, H. A. Peters, H. 
SchmicklerSchmickler, K. , K. WittenburgWittenburg April 2005April 2005

22 CARECARE--ConfConf--0404--2323--HHHHHH ProceedingsProceedings of the 2nd CAREof the 2nd CARE--N3N3--ABI ABI 
networking meetingnetworking meeting

EditorsEditors A. Peters, H. A. Peters, H. 
SchmicklerSchmickler, K. , K. WittenburgWittenburg April 2005April 2005

33 CARECARE--ConfConf--0505--0101--HHHHHH ProceedingsProceedings of the ECLOUD'04 Workshopof the ECLOUD'04 Workshop EditorEditor F. ZimmermannF. Zimmermann Jan 2005Jan 2005

44 CARECARE--ConfConf--0505--0202--HHHHHH ProceedingsProceedings of the HHH 2004 Workshopof the HHH 2004 Workshop EditorsEditors F.F. Ruggiero, Ruggiero, W.W.
ScandaleScandale, , F.F. ZimmermannZimmermann JuneJune 20052005

55 CARECARE--ConfConf--0505--0404--HHHHHH On the feasibility of a On the feasibility of a triplertripler upgrade for LHCupgrade for LHC P. McIntyre, A. P. McIntyre, A. SattarovSattarov May 2005May 2005

66 CARECARE--ConfConf--0505--0505--HHHHHH LowLow--ßß quadrupolequadrupole design for the LHC luminosity design for the LHC luminosity 
upgradeupgrade R. R. OstoijcOstoijc et al.et al. May 2005May 2005

77 CARECARE--ConfConf--0505--0606--HHHHHH Towards an optimization of the LHC intersection Towards an optimization of the LHC intersection 
region using new magnet technologyregion using new magnet technology

P. McIntyre, A. P. McIntyre, A. SattarovSattarov, J., J.--P. P. 
KoutchoukKoutchouk May 2005May 2005

88 CARECARE--ConfConf--0505--0707--HHHHHH Killing the electron cloud effect in the LHC arcsKilling the electron cloud effect in the LHC arcs P. McIntyre, A. P. McIntyre, A. SattarovSattarov May 2005May 2005

99 CARECARE--ConfConf--0505--2121--HHHHHH Electron cloud measurements in the SPS in 2004Electron cloud measurements in the SPS in 2004 G. G. ArduiniArduini, et al., et al. May 2005May 2005

1010 CARECARE--ReportReport--0505--0808--HHHHHH Annual report on the HHH collaborationAnnual report on the HHH collaboration F. Ruggiero, W. F. Ruggiero, W. ScandaleScandale Jan 2005Jan 2005

1111 CARECARE--ReportReport--0505--1515--HHHHHH First 2005 intermediate report on the HHH First 2005 intermediate report on the HHH 
collaborationcollaboration F. Ruggiero, W. F. Ruggiero, W. ScandaleScandale April 2005April 2005

1212 CARECARE--ReportReport--0505--2222--HHHHHH Second 2005 intermediate report on the HHH Second 2005 intermediate report on the HHH 
collaborationcollaboration F. Ruggiero, W. F. Ruggiero, W. ScandaleScandale Sep 2005Sep 2005

1313 CARECARE--NoteNote--20052005--017017--HHHHHH Analysis of LHC lowAnalysis of LHC low--ββ upgrades based on the upgrades based on the NbNb--
Ti and preliminary conclusions on a NbTi and preliminary conclusions on a Nb33SnSn J.J.--P.P. KoutchoukKoutchouk Oct 2005Oct 2005

1414 CARECARE--NoteNote--20052005--??????--HHHHHH MATPRO: a computer library of material properties MATPRO: a computer library of material properties 
at cryogenic temperaturesat cryogenic temperatures Lucio Rossi, M. SorbiLucio Rossi, M. Sorbi Nov 2005Nov 2005
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HHHHHH--AMTAMT
•• Good progress on conductor development, codes and models Good progress on conductor development, codes and models 

for design, stability and protection studies, comparison of for design, stability and protection studies, comparison of 
different IR options, and scaling lawsdifferent IR options, and scaling laws

•• Some Some preliminary work on database for SC cable and magnetspreliminary work on database for SC cable and magnets
•• Report on AMT organization and Conductor Development Report on AMT organization and Conductor Development 

Roadmap (Roadmap (Intermediate DeliveryIntermediate Delivery) presented at HHH) presented at HHH--AMT AMT 
general meeting held at CERN on 11general meeting held at CERN on 11--12 November 2004 see 12 November 2004 see 
http://amt.web.cern.ch/amt/events/meetings/CERN_Nov_2004/meetinghttp://amt.web.cern.ch/amt/events/meetings/CERN_Nov_2004/meeting_CERN_nov2004.htm_CERN_nov2004.htm

•• Excellent progress on the study of fastExcellent progress on the study of fast--pulsed SC magnets pulsed SC magnets 
(GSI FAIR project and Super(GSI FAIR project and Super--SPS) and lowSPS) and low--field magnets for field magnets for 
a booster ring in the LHC tunnela booster ring in the LHC tunnel

•• strong synergy with HHHstrong synergy with HHH--APD (LHC IR design and high APD (LHC IR design and high 
energy injectors), HHHenergy injectors), HHH--ABI (machine protection), fusion ABI (machine protection), fusion 
magnet technology, and USmagnet technology, and US--LARPLARP

•• AMT workshop on AMT workshop on Contact Tooling Contact Tooling delayed to 2006 (in a joint delayed to 2006 (in a joint 
workshop workshop on on Accelerator Magnet Design and Optimization,Accelerator Magnet Design and Optimization,
‘‘WAMDOWAMDO’’,, ArchampsArchamps, France, 3, France, 3––7 April 20067 April 2006) ) andand replaced replaced 
by the by the ‘‘ECOMAGECOMAG--0505’’ workshop on workshop on SC Pulsed MagnetsSC Pulsed Magnets

http://amt.web.cern.ch/amt/events/meetings/CERN_Nov_2004/meeting_CERN_nov2004.htm
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CARECARE--HHHHHH--AMT workshopAMT workshop
BeamBeam--Generated Heat Deposition and Quench LevelsGenerated Heat Deposition and Quench Levels

CERN, CERN, 33--4 March 20054 March 2005
80 specialists from CERN, INFN, CEA, IFJ80 specialists from CERN, INFN, CEA, IFJ--Krakow, GSI, DESY, Krakow, GSI, DESY, 

FermilabFermilab, Univ. Geneva and , Univ. Geneva and SIEMENSSIEMENS
Main topics:Main topics:

•• Study of the stability margin for the SC focusing triplet at theStudy of the stability margin for the SC focusing triplet at the
ultimate luminosity levelultimate luminosity level

•• Validation of the SC Validation of the SC quadrupolequadrupole design for the LHC luminosity design for the LHC luminosity 
upgradeupgrade

•• Thermal transfer and superconducting stabilityThermal transfer and superconducting stability
•• Thermal models and their validation through experimentsThermal models and their validation through experiments
•• Comparison of codes for the simulation of thermal effectsComparison of codes for the simulation of thermal effects
•• Experience on quench level from LHC magnet operation and test atExperience on quench level from LHC magnet operation and test at

CERN, and from beam and magnet operation at CERN, and from beam and magnet operation at DESY and DESY and FermilabFermilab

Main outcomes: very useful also for LHC commissioning
magnet stability and heat deposition code benchmarking
generated concrete work on tables for quench limits for all 
LHC magnets
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CARECARE--HHHHHH--AMT Topical Meeting AMT Topical Meeting 
Insulation and Impregnation TechniquesInsulation and Impregnation Techniques

CERN, CERN, 2222--23 March 200523 March 2005
About 30 specialists from CERN. LBLN, INFN, Univ. About 30 specialists from CERN. LBLN, INFN, Univ. TwenteTwente, GSI, , GSI, Univ. Texas Univ. Texas 

A&MA&M, KEK, CEA, , KEK, CEA, CIEMATCIEMAT, , MITMIT, NSCL, CCLRC, and industry: , NSCL, CCLRC, and industry: 
ANSALDO, ANSALDO, FraivilligFraivillig Technologies, Composite Technology DevelopmentTechnologies, Composite Technology Development

Main topics: SC conductor insulation, Insulation of metallic paMain topics: SC conductor insulation, Insulation of metallic parts, Insulation of rts, Insulation of 
interinter--layers, Resin composition, Radiation resistance, Fibre filling alayers, Resin composition, Radiation resistance, Fibre filling and sizing, nd sizing, 
Heat transfer properties Heat transfer properties ⇒⇒ synergy with Insulation worksynergy with Insulation work--package in NEDpackage in NED

Main Outcome:Main Outcome: it is it is 
difficult to identify a single difficult to identify a single 
material with all required material with all required 
mechanical properties mechanical properties ⇒⇒
best candidate best candidate ‘‘polymidepolymide
sprayspray’’
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CARECARE--HHHHHH--AMT Workshop AMT Workshop ‘‘ECOMAGECOMAG--0505’’
SC Pulsed Magnets for AcceleratorsSC Pulsed Magnets for Accelerators

FrascatiFrascati, 26, 26––28 October 200528 October 2005
(originally not foreseen as a CARE(originally not foreseen as a CARE--HHHHHH--AMT 2005 milestone)AMT 2005 milestone)

70 participants from CERN, INFN ENEA, GSI, CEA, EPFL, 70 participants from CERN, INFN ENEA, GSI, CEA, EPFL, 
JINR, MIT, CIEMAT, KEK, IHEP, EFDA, JINR, MIT, CIEMAT, KEK, IHEP, EFDA, BochvanBochvan
institute of Inorganic Materials, Univ. institute of Inorganic Materials, Univ. TwenteTwente, Ohio State , Ohio State 
Univ. and from 6 European  Industries acting on SC Univ. and from 6 European  Industries acting on SC 
magnets or SC materials magnets or SC materials ⇒⇒ strong synergy with HHHstrong synergy with HHH--APDAPD

Main Topics:Main Topics:
1.1. define a set of agreed parameters for the development of define a set of agreed parameters for the development of lowlow--loss loss 

SC magnetsSC magnets ranging from low field, continuously pulsed (typically ranging from low field, continuously pulsed (typically 
2 T peak, 4 T/s, 100 mm aperture, 108 cycles) to medium field, 2 T peak, 4 T/s, 100 mm aperture, 108 cycles) to medium field, 
highhigh--duty cycle magnets for storage and booster rings (typically 6 duty cycle magnets for storage and booster rings (typically 6 
T peak, 1 T/s, 80 mm aperture, 106 cycles), T peak, 1 T/s, 80 mm aperture, 106 cycles), 

2.2. translate the requirements into specifications for performance otranslate the requirements into specifications for performance of f 
strand, cable, magnet and auxiliariesstrand, cable, magnet and auxiliaries

3.3. define the R&D required to achieve the above specifications and define the R&D required to achieve the above specifications and 
produce a tentative roadproduce a tentative road--map for a procurement and prototyping map for a procurement and prototyping 
activity activity ⇒⇒ common magnet parameters for CERN and GSI!common magnet parameters for CERN and GSI!
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HHH Networking Results
(highlight talk by L. Bottura)

More than 70 participants (initial plan on 30 to 50)
17 laboratories and universities

Bochvar Institute, CEA, CERN, CIEMAT(*), EFDA-CSU(*), 
ENEA(*), EPFL-CRPP(*), FzK(*), GSI, IHEP, INFN-Frascati, 
INFN-Genova, INFN-Milano, JINR, KEK, MIT(*), Ohio State
(*) fusion/energy laboratories

7 major European industries:
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HHHHHH--ABIABI
•• Active collaboration and coordination on Beam Active collaboration and coordination on Beam 

Instrumentation issues has continued with the Instrumentation issues has continued with the USUS--LARPLARP
programme. H. programme. H. SchmicklerSchmickler attended a USattended a US--LARP coordination LARP coordination 
meeting at meeting at Port JeffersonPort Jefferson 66--8 April 20058 April 2005

•• DESYDESY--CERN collaboration CERN collaboration in machine protectionin machine protection issues has issues has 
been established: i) A fast detection circuit for magnet power been established: i) A fast detection circuit for magnet power 
supply failures was developed for DESY and transferred to supply failures was developed for DESY and transferred to 
CERN. ii) Some LHC beam loss monitor are installed in CERN. ii) Some LHC beam loss monitor are installed in 
HERA and tests are ongoing to check their system propertiesHERA and tests are ongoing to check their system properties

•• SpinSpin--off from the first HHHoff from the first HHH--ABI workshop on ABI workshop on “Trajectory and 
Beam position measurements using digital techniques” ⇒⇒
common EUcommon EU--FP6 design study work between CERN, GSI, TU FP6 design study work between CERN, GSI, TU 
Darmstadt, FZ Darmstadt, FZ JJüülichlich and the company Iand the company I--TechTech on digital beam on digital beam 
position measurementsposition measurements

•• SpinSpin--off from off from the 2nd HHHthe 2nd HHH--ABI workshop on ABI workshop on ““DC Current DC Current 
Transformers and BeamTransformers and Beam--Lifetime EvaluationsLifetime Evaluations”” ⇒⇒ beam beam 
lifetime measurement and indicator for the long lifetimes at lifetime measurement and indicator for the long lifetimes at 
the DESY storage rings were substantial improved in 2005 the DESY storage rings were substantial improved in 2005 

http://www.agsrhichome.bnl.gov/LARP/050406_danfords/
http://adweb.desy.de/mdi/Conferencesold/Aumuehle/CARE-N3-Aumuehle-Agenda.html
http://adweb.desy.de/mdi/Conferencesold/Aumuehle/CARE-N3-Aumuehle-Agenda.html
http://adweb.desy.de/mdi/Conferencesold/Aumuehle/CARE-N3-Aumuehle-Agenda.html
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3rd CARE3rd CARE--HHHHHH--ABI workshopABI workshop
Remote diagnostics and maintenance of beam instrumentation devicRemote diagnostics and maintenance of beam instrumentation deviceses

Hirschberg (near Heidelberg), 6Hirschberg (near Heidelberg), 6––7 December 20057 December 2005
about 20 participants expectedabout 20 participants expected

The focus of HHHThe focus of HHH--ABI includes ABI includes improving LHC commissioning improving LHC commissioning 
and operation, in addition to GSI and LHC Upgrade,and operation, in addition to GSI and LHC Upgrade, and the and the 
associated need for remote diagnostics and maintenance for beam associated need for remote diagnostics and maintenance for beam 
instrumentation provided by CERN partners such as USinstrumentation provided by CERN partners such as US--LARPLARP

Workshop Goals:Workshop Goals: i)i) define realistic objectives for the operation and define realistic objectives for the operation and 
diagnostics of future diagnostics of future hadronhadron accelerators (including accelerators (including LHC@FNALLHC@FNAL), ), 
ii)ii) discuss in detail related technology issues and controls discuss in detail related technology issues and controls 
infrastructure, infrastructure, iii)iii) propose concrete HHHpropose concrete HHH--ABI ABI workpackagesworkpackages and and 
milestones for the coming 18 mothsmilestones for the coming 18 moths

•• 1st half day: The 1st half day: The GGlobal lobal AAccelerator ccelerator NNetworketwork--
MMultipurpose ultipurpose VVirtual irtual LLaboratory initiative and othersaboratory initiative and others

•• 2nd half day: Virtual Instrumentation Integration 2nd half day: Virtual Instrumentation Integration ––
principles and examplesprinciples and examples

•• 3rd half day: Definition of work packages from the 3rd half day: Definition of work packages from the 
diagnostics view pointdiagnostics view point
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HHHHHH--ABI continuedABI continued
•• Coordination meeting between DESY, GSI and CERN at Coordination meeting between DESY, GSI and CERN at 

DIPAC 2005 to review and (slightly) DIPAC 2005 to review and (slightly) redefine future CAREredefine future CARE--
HHHHHH--ABI activities and deliverablesABI activities and deliverables: e.g. : e.g. tools for diagnostic tools for diagnostic 
systems for high intensity presystems for high intensity pre--accelerators, preservation of accelerators, preservation of 
emittanceemittance in the accelerator chainin the accelerator chain

•• Advanced Beam Instrumentation includes fast luminosity Advanced Beam Instrumentation includes fast luminosity 
monitors, fast nonmonitors, fast non--destructive destructive betatronbetatron tune, chromaticity, tune, chromaticity, 
and coupling monitors based e.g. on multiand coupling monitors based e.g. on multi--carrier carrier PLLsPLLs, , 
profile monitors for direct measurement of the beam halo, profile monitors for direct measurement of the beam halo, 
fast feedback loops for orbit, coupling and chromaticity fast feedback loops for orbit, coupling and chromaticity 
control, and control, and SchottkySchottky monitors. monitors. 

•• Beam current transformers with ~10Beam current transformers with ~10--44 resolution are needed resolution are needed 
for beam lifetime diagnosis and machine protection: for beam lifetime diagnosis and machine protection: 
saturation of the magnetic core at peak beam currents near saturation of the magnetic core at peak beam currents near 
20 A is a challenging problem both for LHC and for the GSI 20 A is a challenging problem both for LHC and for the GSI 
FAIR project,FAIR project, where Uranium ion beams will have peak where Uranium ion beams will have peak 
currents of about 100 A currents of about 100 A 

•• HHHHHH--ABI workshop in 2006 on ABI workshop in 2006 on ““Luminosity MeasurementsLuminosity Measurements””
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HHHHHH--APDAPD
•• Good progress on Good progress on comparison of alternative LHC IR designscomparison of alternative LHC IR designs, , 

beam dynamics studies and tests to validate different options beam dynamics studies and tests to validate different options 
•• ecloudecloud and crystal collimation tests at FNALand crystal collimation tests at FNAL
•• ecloudecloud and long range beamand long range beam--beam compensation tests planned at RHIC beam compensation tests planned at RHIC 

⇒⇒ delayed to Sept 2006? after severe BNL budget cutsdelayed to Sept 2006? after severe BNL budget cuts
•• Contacts established with KEK, Cornell and LBNL regarding a Contacts established with KEK, Cornell and LBNL regarding a 

possible design for LHC crab cavities to be tested at RHICpossible design for LHC crab cavities to be tested at RHIC
•• Significant progress on Significant progress on code benchmarking and web repositorycode benchmarking and web repository
• Excellent progress on structured list of beam intensity limits
•• Initial work on optics solutions, RF upgrade paths, collimation Initial work on optics solutions, RF upgrade paths, collimation 

and machine protection for pulsed SC synchrotronsand machine protection for pulsed SC synchrotrons
•• Strong synergy with Strong synergy with HHHHHH--AMTAMT (LHC IR design and High Energy (LHC IR design and High Energy 

Injectors)Injectors) and and USUS--LARPLARP. Some synergy with . Some synergy with MW Proton DriverMW Proton Driver
•• APD workshop APD workshop Towards a Roadmap for the Upgrade of the LHC Towards a Roadmap for the Upgrade of the LHC 

and GSI Accelerator Complexand GSI Accelerator Complex foreseen in the second half of 2006foreseen in the second half of 2006
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CARECARE--HHHHHH--APD miniAPD mini--workshop workshop ‘‘CCCC--20052005’’
Crystal Collimation in Crystal Collimation in HadronHadron CollidersColliders

CERN,CERN, 77––8 March 20058 March 2005
About 80 specialists from CERN, INFN, PNPI, IHEP, FNAL, About 80 specialists from CERN, INFN, PNPI, IHEP, FNAL, 

LBNL, Univ. of LBNL, Univ. of AarhusAarhus, Helsinki Institute of Physics and , Helsinki Institute of Physics and 
Univ. of Texas. Univ. of Texas. 

Main topics:Main topics:
•• Review of the beam cleaning requirementsReview of the beam cleaning requirements
•• Review of crystal extraction experiments in circular acceleratorReview of crystal extraction experiments in circular acceleratorss
•• Experience with crystals at the various Experience with crystals at the various colliderscolliders
•• Crystal production, technologies and experimental proceduresCrystal production, technologies and experimental procedures
•• Crystal simulationCrystal simulation
•• Discussion on a proposal of a new experiment of crystal extractiDiscussion on a proposal of a new experiment of crystal extraction on 

and collimation at the CERNand collimation at the CERN--SPSSPS

Main Outcomes:Main Outcomes:
•• Negative results at RHIC may depend on crystal qualityNegative results at RHIC may depend on crystal quality
•• New SPS experiment has been proposed (and financed by INFN)New SPS experiment has been proposed (and financed by INFN)
•• Meanwhile Meanwhile excellent crystal collimation results at the excellent crystal collimation results at the TevatronTevatron
•• ⇒⇒ 2nd CARE2nd CARE--HHHHHH--APD miniAPD mini--workshop on workshop on Crystal ChannelingCrystal Channeling, , 

CERN,  8CERN,  8––9 December 20059 December 2005
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Bent Crystal: 1TeV Channeling
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CARECARE--HHHHHH--APD Workshop APD Workshop ‘‘LUMI 05LUMI 05’’ ((40 participants40 participants) ) 
Scenarios for the LHC luminosity upgradeScenarios for the LHC luminosity upgrade

ArcidossoArcidosso (Italy), 31 August(Italy), 31 August––3 September 20053 September 2005
⇒⇒ strong synergy with strong synergy with USUS--LARP miniLARP mini--workshop IRworkshop IR--20052005

(Chicago, 3(Chicago, 3––4 Oct 2005) and HHH4 Oct 2005) and HHH--AMT workshop AMT workshop ‘‘ECOMAG05ECOMAG05’’
•• optical designs and luminosity performance for optical designs and luminosity performance for 

alternative alternative LHC IR layouts with lower LHC IR layouts with lower ββ**

•• beambeam--beam compensation schemes, crab cavities beam compensation schemes, crab cavities 
and machineand machine--experiment interface  experiment interface  (reduced (reduced ℓℓ**))

•• machine and magnet parameters for new high machine and magnet parameters for new high 
energy injectors energy injectors (Super(Super--SPS)SPS) needed to increase needed to increase 
integrated LHC luminosityintegrated LHC luminosity

Main outcomes:Main outcomes:
• Three IR layout options identified (HHH web 

repository with optics solutions will be set up):
1) dipole-first based on Nb3Sn technology with ℓ* = 19 m
2) quad-first layout based on Nb3Sn technology ℓ * = 19 m
3) low gradient quad-first layout based on NbTi technology
•• New:New: possible possible early beam separation by a early beam separation by a ““D0D0””

dipole located a few dipole located a few metresmetres away from the IP away from the IP 
•• RF systems and bunch spacing,RF systems and bunch spacing, New:New: SuperSuper--PSPS
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Tentative conclusions for the Tentative conclusions for the 
LHC IR UpgradeLHC IR Upgrade

•• We do need a backWe do need a back--up or intermediate IR up or intermediate IR 
upgrade option based on NbTi magnet upgrade option based on NbTi magnet 
technology. What is the maximum luminosity?technology. What is the maximum luminosity?

•• A vigorous R&D programme on NbA vigorous R&D programme on Nb33Sn magnets Sn magnets 
should start at CERN should start at CERN asapasap, complementary to , complementary to 
the USthe US--LARP programme, to reach an LHC LARP programme, to reach an LHC 
luminosity of ~10luminosity of ~103535 after 2015after 2015

•• Alternative IR layouts (quadrupoleAlternative IR layouts (quadrupole--first, dipolefirst, dipole--
first, D0, flat beams, Crab cavities) should be first, D0, flat beams, Crab cavities) should be 
rated in terms of technological and operational rated in terms of technological and operational 
risks/advantagesrisks/advantages
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Towards a baseline designTowards a baseline design

•• Define aDefine a Baseline,Baseline, i.e. a i.e. a forward lookingforward looking configuration which configuration which 
we are reasonably confident can achieve the required LHC we are reasonably confident can achieve the required LHC 
luminosity performance and can be used to give an accurate luminosity performance and can be used to give an accurate 
cost estimate by midcost estimate by mid--end 2006 in a end 2006 in a ““Reference Design Reference Design 
ReportReport””

•• Identify Alternative Configurations and rate them Identify Alternative Configurations and rate them in terms in terms 
of technological and operational risks/advantagesof technological and operational risks/advantages

•• Identify R&DIdentify R&D (at CERN and elsewhere)(at CERN and elsewhere)
•• To support the baselineTo support the baseline
•• To develop the alternatives To develop the alternatives 

Following the approach proposed by Barry Barish 
for the ILC, I suggest to:
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Reference LHC Luminosity Upgrade: Reference LHC Luminosity Upgrade: 
workpackages and tentative milestonesworkpackages and tentative milestones

accelerator WorkPackage 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 after 2015
LHC Main Ring Accelerator Physics

High Field Superconductors
High Field Magnets
Magnetic Measurements
Cryostats
Cryogenics: IR magnets & RF
RF and feedback
Collimation&Machine Protection
Beam Instrumentation
Power converters

SPS SPS kickers

Tentative Milestones
Beam-beam 

compensation 
test at RHIC

SPS crystal 
collimation test

LHC collimation 
tests

LHC collimation 
tests

Install phase 2 
collimation

LHC tests: 
collimation & 
beam-beam

Install new SPS 
kickers

new IR magnets 
and RF system

Other Tentative Milestones Crab cavity test 
at KEKB

Low-noise crab 
cavity test at 

RHIC

LHC Upgrade 
Conceptual 

Design Report

LHC Upgrade 
Technical Design 

Report

Nominal LHC 
luminosity 

10^34

Ultimate LHC 
luminosity 
2.3x10^34

beam-beam 
compensation

Double ultimate 
LHC luminosity 

4.6x10^34

LHC Upgrade 
Reference 

Design Report

Reference LHC Upgrade scenario: peak luminosity 4.6x10^34/(cm^2 sec)
R&D - scenarios & models Integrated luminosity 3 x nominal ~ 200/(fb*year) assuming 10 h turnaround time
specifications & prototypes new superconducting IR magnets for beta*=0.25 m
construction & testing phase 2 collimation and new SPS kickers needed to attain ultimate LHC beam intensity of 0.86 A
installation & commissioning beam-beam compensation may be necessary to attain or exceed ultimate performance

new superconducting RF system: for bunch shortening or Crab cavities
hardware for nominal LHC performance (cryogenics, dilution kickers, etc) not considered as LHC upgrade
R&D for further luminosity upgrade (intensity beyond ultimate) is recommended: see Injectors Upgrade
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HHH deliverables and milestones HHH deliverables and milestones 
compared to the original plancompared to the original plan

•• 2004: HHH and HHH2004: HHH and HHH--APD web sitesAPD web sites ⇒⇒ OKOK
•• 2005: Creation of a first web2005: Creation of a first web--based based Beam Dynamics Beam Dynamics 

Code RepositoryCode Repository ⇒⇒ OKOK
•• 2006: 2006: WebWeb--based database for SC cable and based database for SC cable and 

magnetsmagnets ⇒⇒ delayed to 2007delayed to 2007

• All milestones in 2005 have been met, proceedings of all past workshops  
and Intermediate Deliverables have been or are being published

• Work for web-based database on SC cable and magnets will start only in 
2006 (new Doctoral Student finally recruited at CERN)

• Excellent progress on pulsed SC magnets, connections with Fusion (ITER) 
and US-LARP, quench limits and LHC IR design, magnets for booster 
ring, beam instrumentation, and structured list of beam intensity limits
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ConclusionsConclusions
• All the HHH 2005 milestones have been met
•• All workAll work--packages are progressing well packages are progressing well in line with 

the original planning and in considerable synergy
• Some activities have even been accelerated or 

expanded: European labs, Universities, Industry, 
and International Partners are fully integrated

• We are collecting tangible results for each of the 
three work-packages as well as for the overall  
HHH Network organization

•• The CAREThe CARE--HHH Network is definitely a HHH Network is definitely a 
highhigh--returnreturn investment for Europeinvestment for Europe……
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Preliminary HHH Preliminary HHH workplanworkplan
for the next 18 months for the next 18 months 
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