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TESLA: The Physics Program

Mar 24, 2001 - Main radiation characteristics have been found ... The TESLA collider is in a rather good state: technology is in hands .... direct reconstruction of Higgs in a number of decay channels possible, ..... most materials will evaporate. 
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TESLA: The Physics Program Ties Behnke, DESY Hamburg 28−08−2001



"



TESLA: The project



"



Particle Physics at TESLA



"



Physics with the Free Electron Laser



"



The Road to TESLA



The TESLA Project Max energy 500−800 GeV B2 B1 ¸ = 5 10 33 cm s Integrated Luminosity: B1 500 fb /year Site length: 33km Integrated facility for electron positron accelerator and Free Electron Laser



Superconducting cavity: gradient > 25 MV/m



TESLA: TDR submitted 3/01 1134 authors from 304 Institutes in 36 countries



The TESLA site near Hamburg Ties Behnke: The TESLA programme 2



TESLA The TESLA Collaboration TESLA



INFN Legnaro



a machine concept: superconducting acceleration modules a collaboration: build and operate a test accelerator TTF a proposal to build such a machine



INR Troitsk MEPhI Moscow



Uni Hamburg Uni Rostok BESSY Berlin



Yerevan Physics Institut



The TESLA Test Facility TTFI ALEPH Graduiertenkolleg, Bullay, August 2001
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Overall TESLA Layout TESLA tunnel: diameter 5.50 m Overall collider layout:



DESY



ALEPH Graduiertenkolleg, Bullay, August 2001



Westerhorn
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TESLA Parameters TESLA 500 GeV parameters



ALEPH Graduiertenkolleg, Bullay, August 2001



TESLA 800 GeV parameters
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TESLA Basic Concept superconducting solid Nb cavities E(acc) ~ 25 MV/m, T=2K



Long RF pulses ( ~ 1 ms) low RF peak power (200 kW/m) long bunch train with large interbunch spacing Low RF frequency (1.3 GHz) small wakefields The TESLA acceleration structures: Overall design compatible with module E(cms) = 91 .... 800 GeV geometry baseline design and 9−cell structure parameters for 500 GeV 4x7 superstructure



ALEPH Graduiertenkolleg, Bullay, August 2001



module length



V(acc) Fill factor RF/modul e



1.04



23.40



78.00%



3.23



22.00



89.00%



219 675
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TESLA Bunch Structure Main characteristics: long bunch trains, even longer times between bunch trains



500 GeV



5 Hz x 2820 x 2.0 1010



800 GeV



3 Hz x 4568 x 1.4 1010



possibility of orbit corrections within single bunch train (fast feedback system) Head on collisions are possible Bunch collisions are well separated in detector



ALEPH Graduiertenkolleg, Bullay, August 2001
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Status of Cavities Development TESLA Test Facility (TTF) Goals: Phase I: development of acceleration modules proof of principle of operation of SC linac at high (> 22.5 GeV) gradient proof of principle for SASE FEL in the VUV (60 nm)



cavity performance per production series



Tesla 500



ALEPH Graduiertenkolleg, Bullay, August 2001
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ALEPH Graduiertenkolleg, Bullay, August 2001
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RF Power: Klystrons TH 1801 multi beam Klystron



High power (10 MW peak) Low voltage (117 kV) High efficiency (65 %) Long pulse (1.5 ms) System has been fabricated in industry Is now being used at the TTF LINAC



ALEPH Graduiertenkolleg, Bullay, August 2001
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Lorentz Force Deformation Problem: Cavity deform under the Lorentz force at high gradient Cavity changes its shape cavity is detuned first successful test on cavity C45 at 20 MV/m solution: active compensation using piezo−crystal



l = 39mm V(max)= 150 V f(max) = 500 Hz



piezo actuator



ALEPH Graduiertenkolleg, Bullay, August 2001



Ties Behnke: The TESLA programme



11



The Free Electron Laser at TTF TTF LINAC is used to drive a SASE FEL Goal I: Proof of Principle for VUV FEL Goal II: Operation of user facility after 2003



ALEPH Graduiertenkolleg, Bullay, August 2001
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The TTF FEL February 2000: observe first lasing at 500 GeV will be very important " TESLA concept: " a high precision, "tracking" calorimeter 2 " W absorbers, SI sensors (1x1 cm pad) "



ALEPH Graduiertenkolleg, Bullay, August 2001
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Detector Mechanics First conceptual version of detector moving and installation: Open the endcap Yoke Retract the endcap calorimeters Move the TPC along z Acces the inner detectors



Proposed cable routes out of the detector ALEPH Graduiertenkolleg, Bullay, August 2001
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Summary Particle Physics "



"



"



"



"



a linear collider with E= 500 to 800 GeV offers a rich physics program EWSB: major insights expected " Higgs precision measurements " SUSY (or similar) precision study " model independent search for alternative scenarios



very strong hints for physics at a few 100 GeV!



many precision measurements to significantly extend our present knowledge " electroweak precision measurements results feed back into " W mass measurement EWSB understanding " top mass and properties " QCD physics " .... a linear collider will also search for the totally unexpected " substructure? " completely new physics: extra dimensions? " ...



the linear collider will complement the physics program of the LHC. Only together



can we hope to understand the fundamental problem of electroweak symmetry breaking!



ALEPH Graduiertenkolleg, Bullay, August 2001
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The TESLA FEL: Overall Layout Aerial view of the Ellerhoop Campus: Layout of FEL beamlines



ALEPH Graduiertenkolleg, Bullay, August 2001



Ties Behnke: The TESLA programme



60



The SASE Principle electron beam is sent through undulator " coherent emission of laser light: "



ALEPH Graduiertenkolleg, Bullay, August 2001



first lasing observed at DESY February 2000



Ties Behnke: The TESLA programme



61



The TESLA FEL First lasing at 25MV/m Cavities with >40MV/m as single cell cavities Construction and operation of TTF I Stable operation for > 8600 h Demonstrate SASE principle at 10 workshop meetings) Milestone reached: TESLA TDR Part III (physics), PartIV (detector), Part VI (other research options) Continuation for two more years to Develop the physics studies further React to new developments Continue work on the detector (R&D efforts are starting) Continue the work on machine/ detector interface ALEPH Graduiertenkolleg, Bullay, August 2001
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A Global Accelerator Network Construct and operate future large accelerators in the framework of a global network Make projects part of the national programs of the participating countries Maintain the scientific and technical culture and know how in home labes, remain attractive for young people, yet contribute to and participate in large, unique projects Maintain and run accelerators to a large extend from participating labs Pull together world wide competence, ideas, resources Capital investment is done at home Site selections becomes a less critical issue Put accelerator close to an existing laboratory: Make optimal use of existing experience, manpower, and infrastructure Specific financial obligations for the host country ICFA study findings: Global considerations: Technical considerations: Need laboratory structure Project requires central management Host nation is essential Host lab will have safety responsibility Will bear a major fraction of the cost Remote operation is in principle feasible Local staff of approx. 200 is needed ALEPH Graduiertenkolleg, Bullay, August 2001
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Costs and schedules Total estimated TESLA cost: 3136 million Euro X FEL additional machine elements: 241 million Euro Cost of particle physics detector: about 200 million Euro



Installation schedule: total construction time after approval: 8 years 4 years to drill the tunnel 4 years to fill the tunnel
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Conclusions TESLA: a proposal for a new large interdisciplinary research center Most technical problem are solved 500 GeV baseline design is "conservative" Energy upgrade potential is real



HEP experimentation at TESLA is challenging Needs serious and significant Detector R&D Combination of HEP and FEL offers exciting new perspectives Plans: TESLA TDR now German Wissenschaftsrat: 2002 International technical review?
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Conclusion TESLA is an exciting new project connecting HEP and many other areas of science TESLA is in a state where we are confident that it can be build as proposed and within cost TESLA is a serious contender in the international competition about the next generation of HEP machines TESLA is ideally suited to complement the LHC TESLA opens completly new avenues of research in the synchroton radiation community The concept of a Global Accelerator Network is a very attractive scheme to realise such a machine



Now is the right time to move ahead and start with TESLA. Lets do it!



ALEPH Graduiertenkolleg, Bullay, August 2001
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