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Linear collider luminosity parameters

2.12.1Disruption enhancement HD

25046Beam energy [GeV]

5650Vertical rms beam size at IP [nm]

340.003Luminosity [1033 cm-2 s-1]

1.61.1Beamstralung photons/electron Nγ

11.30.035Beam power/beam [MW]

TESLASLCParameter
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One Major Challenge for Luminosity





The dominant challenge to reach the 
desired energy  is the main linac 

technology 
• RF power and accelerating structures
• Superconducting standing-wave cavities, operating at 
1.3 GHz, developed by the TESLA collaboration



TESLA  acceleration system: 
principal features (500 GeV c.m.)

24 (35*)(loaded) accelerating gradient [MV/m]

5Cycle rate [Hz]

20592Number of structures

23.8Efficiency (Beam power/AC Power [%])

1370RF pulse length [µs]

0.25RF power/structure [MW] - all for beam

104Structure length (cm)

30Two-Linac length [km]

TESLA
1.3 GHz

Feature

*Required for energy upgrade

Main Reasons for SC

•1 Fill slowly =>
Big Reduction of Peak RF Power

•2 High overall efficiency of 
AC power to beam power 



3. Wakefields

Low Frequency, large apertures  Affordable => 

Low Wake fields to disrupt beam



Key Challenges
• Operate 500 GeV at  Eacc ˜  24 MV/m

• 35 MV/m for upgrade, needed at  first installation

•Extensive R&D at DESY, KEK, JLAB and Cornell over the 
past decade, in 

• cavity design (to reduce peak surface electric and magnetic fields), 

• Nb material quality, 

• cavity fabrication, cleaning and processing techniques

=> Production of > 50 structures with gradients > 24 MV/m.

• The latest development in cavity processing 
(electropolishing) has yielded two “fully-dressed” 9-cell 
cavities capable of 35 MV/m

• More 35 MV/m cavities need to be made, to demonstrate the 
reproducibility of the process,  and tested for dark current. 



Zooming in on TESLA



TESLA Tunnel



1700 Cryomodules





70 K ML Isolation (30 Layers)70 K ML Isolation (30 Layers)



70 K Shield before Welding 70 K Shield before Welding 



4 K Shield4 K Shield



Cavity String mounted on 300 mm He Gas Return PipeCavity String mounted on 300 mm He Gas Return Pipe







Preparation of TESLA Cavity String



He Vessel



Cavities and Cavity Parts



Preparation of TESLA Cavities 

100 atm jet water rinsing

Furnace treatment

Chemical Treatment
Class 100 Dust Free Clean Room  Assembly



Cavity Vertical Test
• The naked cavity is immersed in a super-fluid He bath (2 K).
• RF test are performed in CW with a moderate power(< 300W)



Steady Improvement in  Cavity Gradients and Q’s
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Steady Improvement in 
Cavity Gradients and Q’s
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Highest Gradient Performance



In Cryomodules

He Vessel

Higher Order Mode 
Couplers

Tuner

Input 
Coupler





Module 5



EP 9-cell Cavities -
Cryomodule
“Chechia”

• Cavity is fully assembled

• It includes all the ancillaries:
– Power Coupler
– Helium vessel
– Tuner (…and piezo)

• RF Power is fed by a 
Klystron through the main 
coupler

• Pulsed RF operation using 
the same pulse shape 
foreseen for TESLA



TESLA-800    35 MV/m  @  Q0 = 5 × 109
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AC73  -  Vertical and Horizontal Test Results
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Cavity AC 73: 35 MV/m in CHECHIA
i.e. high power test and 1/8th of a TTF Linac module



AC 72 also reached 35 MV/m in
CHECHIA



TESLA Test Facility Linac (TTF)
laser driven 
electron gun

photon beam 
diagnostics

undulator
bunch 

compressor

superconducting accelerator 
modules

pre-
accelerator

e- beam 
diagnostics

e- beam 
diagnostics

240 MeV 120 MeV 16 MeV 4 MeV



RF Systems Assembled and Tested in TTF





1999

1997
Plan: Beam Test
5 Modules = 
40 meters 
In 2004 

500 Gev TESLA Goal

13, 000 hours of beam time

2001

In Beam

Upgrade Goal



TTF - I  Complete

TTF-II under construction
In Model Tunnel

Experimental Hall for 
UV FEL Facility



Model for TESLA Tunnel



TESLA Test Facility Linac – Phase II

FEL User Facility in the nm Wavelength Range

Six accelerator modules to reach 1 GeV beam energy.

Module #6 will contain 8 electro-polished cavities.

Engineering with respect to TESLA needs.

Klystrons and modulators built in industry.

High gradient operation of accelerator modules.

Space for module #7 (12 cavity TESLA module).

experimental 
area

BC 3 BC 2

bypass
4 MeV150 MeV450 MeV1000

MeV

250 m

undulators collimator #7  #6  #5  #4 #3  #2 module 
#1

seeding RF gun
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Help Needed from 
Collaborators!

TTF has defined 38 Work Packages



Mechanical tuner 
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vector 
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coaxial 
coupler

circulator

stub tuner (phase &
Qext)

RF Unit 1 klystron for 36 nine-cell cavities each

Low  level RF cavity control must 
provide gradient and phase control 
of the cavities through feed forward 
and feedback systems, detect the 
relative beam to rf phase, detect 
developing cavity problems and 
faults, and provide exception 
handling. 

DSP's in conjunction with ADC's 
and DAC's measure individual 
cavity gradient and phase, and 
forward and reflected power. 

Example for further hardware 
advance :  use of digital receivers. 



The DSP's get their parameters from the DSP server. The server software 
handles: generation of set point(SP) and feedforward (FF) tables from basic 
settings, matrices information for each cavity, loop phase constant, startup 
configuration files, and exception handler control parameters. Server 
software and interface to the DSP's and control system needs detailed 
specification and code generation. 

Development needed:  connect DSP systems of different klystrons together 
through an optical giga Hz link. Such a system would allow for very fast 
compensation by adjacent systems if one system experienced a fault.   

Definition of system architecture and concepts, as well as code, need to be 
developed.

Low level RF simulation programs are being developed to check feedback and 
feed forward algorithms, response to cavity quench, or  beam current 
variations, and non linear gain behavior of the klystron.  Effort is needed to 
develop, test and apply these simulators to RF control. 

LLRF Continued



Invites scientists 
knowledgeable in material and 
surface physics into 
understanding important 
properties related to high 
gradient and Q. 

Grain size, hardness, tensile 
strength, RRR, workability, 
quality control of inclusions, 
eddy current scanning, 
chemical treatment, 
electropolishing parameters….

Copper plating, TiN plating for 
input couplers



*
*



Button BPM

Wire Scanner

Toroid

BPM Electronics
OTR

Stripline BPM

Beam Diagnostics





Proven Examples 
• Remote operation and tuning of SC capture cavity from Saclay (Paris)
• Remote access and tuning of beam imaging system from INFN Frascati, Rome
• Remote regular shifts from INFN/LASA Milan
• Remote experiments from DESY at the Fermilab photo-injector test facility



Possible Global Accelerator Network Activities

Setup remote  control station and become familiar with aspects of the linac
control and  beam analysis. 

Plan and carry out beam experiments

Develop new tests or get involved in ongoing  diagnostics and rf control 
systems, machine protection systems….

Monitor beam-inhibit incidents and causes to determine how to minimize 
beam recovery time  for a LC.  Improve reliability of sub-systems

Develop Data Acquisition Systems, DSP Servers, User displays, e-logbooks, 
and Web based Tools to work towards demands of

True global operation of an international facility 



One Decade of TESLA R&D

•Good support from a wide SC community
•Interested in SC technology for

• light sources, neutron sources, 
high intensity proton beams

•German Ministry supportive 
• by approving  $$  for the 20 GeV XFEL

• SC  Linear Collider remains an 
exciting global activity inviting major 
contributions

•Big success for the TESLA collaboration
• But still much needs to be done


