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The TESLA Collaboration Mission 

Develop SRF for the future TeV Linear Collider
Basic goals

• Increase gradient by a factor of 5 (Physical limit for Nb at ~ 50 MV/m)
• Reduce cost per MV by a factor 20 (New cryomodule concept and Industrialization)
• Make possible pulsed operation (Combine SRF and mechanical engineering)

Major advantages vs NC Technology
• Higher conversion efficiency: more beam power for less plug power consumption
• Lower RF frequency: relaxed tolerances and smaller emittance dilution

as in 1995
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Memories - 1

July 1900: 1st TESLA Workshop at Cornell
Conveners: Ugo Amaldi (CERN) & Hasan Padamsee (Cornell)

General consensus to setup an international Collaboration 
to study the cold option for the future electro-positron collider

March 1991: 1st Informal Meeting at DESY
Biörn Wiik invites at DESY representative experts to propose DESY 
as the Hosting Laboratory for the envisaged TESLA Collaboration 

January 1992: 1st TESLA Collaboration Board Meeting
to discuss a draft version  of the  “Interlaboratory MoU for the 
TESLA Collaboration” to be signed by the interested Institutions

December 1992: Decision for Infrastructure and TTF 
“A Proposal to Construct and Test Prototype Superconducting RF 
Structures for Linear Colliders” - TESLA Note 93-01
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Memories - 2

May 1996: First Beam at TTF
One 8 cavity module accelerates the electron beam at the 
unprecedented gradient of 15 MV/m 

March 2001: TESLA Technical Design Report
A complete Technical Design Report is presented for the 
construction of a 500-800 GeV SC electron-positron collider, named 
TESLA

February 2003: Green Light from the ILC-TRC
The ILC-TRC states that the TESLA Technology is already mature to 
built a 500 GeV electron-positron collider

20 August 2004: ITRP recommends “Cold”
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From the Interlaboratory MoU - 1

Preamble

………

There is a consensus that the energy range in e+e- collisions beyond 
LEP II can be explored only by the use of linear colliders. 

………

There is an agreement that a linear collider based on superconducting 
cavities has technical advantages compared to linear collider based on 
warm cavities.

………

… not sufficient effort has gone as yet into establishing its 
technological basis. It is the goal of the TESLA Collaboration to 
establish this base by a R&D program, which will be carried out within 
the framework of an international Collaboration.
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From the Interlaboratory MoU - 2

Art. 1 – Goal of the Collaboration

It is the aim of this collaboration to establish the technological base
needed to construct and operate a high energy electron-positron 
linear collider (or other accelerators) made of superconducting rf
cavities and demonstrate that this collider can meet the performance 
goals in a cost effective manner. …… This program of TTF (TESLA 
Test facility) includes the construction of the infrastructures needed 
to produce high performance cavities and the construction and the 
operation of a test linac

………

It is the intention of the collaboration to create the conceptual 
design report of an electron-positron linear collider facility covering 
the energy region up to 500 GeV or above with a luminosity of the 
order of 5.1033cm-2s-1. It is not the specific goal of this MoU to cover 
the effort needed to carry out this conceptual design.

………
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International Collaboration to:

Establish the technological base for a cost effective 
Superconducting Linear Collider (and future SC accelerators)

Support an R&D program carried out at DESY, TTF, setting up
An infrastructure: 

to develop the status of art for high field cavity fabrication, processing and 
assembly; 
to understand and define all the critical steps needed to guaranty the 
production of a high field cavity; 
to transfer to industry the fabrication process, while setting standards for 
the required quality control; 

A test linac: 
to develop and test cavity ancillaries, cryomodules and associated systems
as: RF, cryogenics, vacuum, etc. 
to create the culture for operation, controls and diagnostic,  
to test the limits in order to improve component and sub-system engineering
to create a MTBF component database to focus details to be reviewed in 
view of the high reliability and availability required by the Linear Collider
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The Infrastructure
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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

The TESLA Test Facility – TTF
6 years of experience
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Optimized cavity design and rules

Hz/(MV/m)2? -1KLorentz

kHz/mm315Df/Dl

mT/(MV/m)4.26Bpeak/Eacc

2.0Epeak/Eacc

W1036R/Q

TESLA cavity parameters

9-cell, 1.3 GHz

Major contributions from: CERN, Cornell, DESY, CEA-Saclay
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Learning curve with BCP

3 cavity productions from 4 European industries: Accel, Cerca, Dornier, Zanon
BCP = Buffered Chemical Polishing

Cornell
1995

5-cell
Module performance 
in the TTF LINAC

Improved welding
Niobium quality control

<Eacc> @ Q0 ? 1010 <Eacc> @ Q0 ? 1010

at Q = few 109

<1997>

<1999>

<2001>
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EP & Baking for 35 MV/m
The AC 70 example

Electro-Polishing (EP)
instead of

Buffered Chemical Polishing (BCP)
• less local field enhancement
• High Pressure Rinsing more effective 
• Field Emission onset at higher field

In Situ Baking

@ 120-140 ° C  for 24-48 hours

• to re-distribute oxygen at the surface

• cures Q drop at high field

EP at the DESY plant
• Low Field Emission 
800°C annealing

120°C, 24 h, Baking
• high field Q drop cured

High Pressure Water Rinsing

Vertical and System Test in 1/8th Cryomodule
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Performing Cryomodules

Three generations of the cryomodule 
design, with improving simplicity and 
performances, while decreasing costs

Sliding Fixtures @ 2 K Reliable Alignment Strategy“Finger Welded” Shields

Cryomodule Characteristics
Length 12 m

# cavities 8

# doublets 1

Static Losses @ 2 K 1.5 W
@ 5 K 8 W
@ 50 K 70 W

Required plug power < 6 kW

Part of the INFN (Italy) Contribution
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Cold time / 
months

installation

7

10
10
10

21
8

35

44

12

5

50

Feb 04M2*

Apr 03M3*
M4
M5

Jun 02M1*
MSS

Jun 99M3

Sep 98M2

Jan 98M1 rep.

Mar 97M1

Oct 96CryoCap

TTF Module Installation
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Operation with Final State Machine

from TTF Console in 
Milano

LLRF performance in TTF
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First 7 year balance (1992-98)
(TESLA Cold Technology)

Funding

Major European Contributions
(including personel)

DESY (+Germany)  ~ 50%

France (CEA + IN2P3) 10-15%

Italy (INFN) 10-15%

and FNAL for US 10-15%

Design

Major European Contributions
(in alphabetic order)

CEA/IN2P3

CERN

DESY

INFN

and FNAL for US
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TESLA
The Superconducting Electron-Positron
Linear Collider with an Integrated
X-Ray Laser Laboratory

Technical Design Report

DESY 2001 – 011  • ECFA 2001 -209
TESLA Report 2001 – 23  • TESLA-FEL 2001 - 05

March
2 0 0 1

TESLA
The Superconducting Electron-Positron
Linear Collider with an Integrated
X-Ray Laser Laboratory

Technical Design Report

DESY 2001 – 011  • ECFA 2001 -209
TESLA Report 2001 – 23  • TESLA-FEL 2001 - 05

March
2 0 0 1

TESLA
The Superconducting Electron-Positron
Linear Collider with an Integrated
X-Ray Laser Laboratory

Technical Design Report

DESY 2001 – 011  • ECFA 2001 -209
TESLA Report 2001 – 23  • TESLA-FEL 2001 - 05

March
2 0 0 1

TESLA TDR: 500   800 GeV
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European X-FEL

50% from the German Government – 8 other European Nations are signing
Great synergy with ILC (see Reinhard Brinkmann talk)

Machine reliability according to SRL standards
Industrial mass production of cavities (~ 1000), modules (~ 120), RF, LLRF, …



Carlo Pagani 19
CARE-ELAN Meeting

DESY, 2 November 2004

TTF 2 under Commissioning

RF gun

400 MeV 120 MeV800 MeV

ACC 1ACC 2ACC 3ACC 4ACC 5

4 MeV

TESLA like tunnel for 
ACC 6 & ACC 7

Second Bunch
Compressor

ACC 4 & ACC 5 ACC 2 & ACC 3

VUV FEL User Facility
• Linac Commissioning done

• SASE FEL Comm. is starting
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Wider TESLA Collaboration, but...

53 Institutes in 12 
Countries

but

Most of the effort is now 
on the DESY shoulders

TESLA Collaboration 
contribution to the ILC will 

depend on the effective 
support from the 

Collaboration Institutes

DESY alone cannot support 
all the effort
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TTF 2 is the greatest contribution

TTF 1

TTF 2

experimental  hall

250 MeV

1 GeV
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TTF2 Start-up Schedule

gun BC2
bypass

ACC1

ACC2,3

ACC4,5

BC3

31 October 04
Beam to Dump

As presented by H. Weise at the TESLA Collaboration Board on September 9, 2004
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Saturation in wavelength range 30-120 nm July 2005

User operation (extended period)

Operation with long bunch train Dec. 2005

User operation (extended period)

3rd Harmonic RF system and ACC6 installed Feb. 2006

1 GeV beam energy April 2006

Saturation 6 nm June 2006

User operation (extended period)

Seeding Option installed Dec. 2006

Seeding demonstration April 2007

TTF2/VUV-FEL Schedule to 2007
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TTF 2 and ILC

~ 30% of TTF 2 beam time is available for ILC work. If 
properly planned it will be beneficial also for the XFEL 
(and vice versa). Just very few subjects are ILC specific 

100% of TTF 2 operation will provide invaluable 
experience for the future ILC

Experts from the TESLA Collaboration are regularly on 
shift for TTF operation through remote connection

TTF 2 components and sub-systems are working 
prototypes of most of the ILC Linac basic elements 

Databases from TTF 2 experience should be the basis for 
ILC reliability and availability analysis
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A few Remarks

The cold technology chosen for the ILC has been developed in the
framework of the TESLA Collaboration by the TESLA Collaboration 
Members

DESY, as hosting laboratory, gave the major contribution and retains 
most of the operation and system experience, but not all. 

Part of the TESLA Collaboration experience will contribute to the 
ILC through the EU Programs: CARE, EUROTeV et al.

TTF2 is a unique tool both for XFEL and ILC dvelopment. It is the 
major contribution of the TESLA Collaboration to these projcts.

XFEL can be fully synergic with ILC

The TESLA Collaboration Mission has been slightly reviewed (Orsay, 
8 Sep. 04) to better contribute to the several major projects, such 
as the XFEL or the ILC, which are based on the use of SRF 
technology
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TESLA Collaboration Mission

As from the TESLA Collaboration Board, Orsay, September 7, 2004

The role of the collaboration is to advance SRF technology research 
and development and related accelerator aspects across the broad
diversity of scientific applications, and to keep open and provide a 
bridge for communication and sharing of ideas,  developments, and 
testing across projects.

To this end TTF and module test stands will continue to be used as a 
test bed for new developments and experiments in SRF technology,
beam and light physics, and associated developments such as 
instrumentation and diagnostics.

The collaboration will support and encourage free and open exchange 
of knowledge, expertise, engineering designs, and equipment.
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Conclusions

The TESLA Collaboration contribution to the ILC will strongly 
depends from the support given by the Collaboration Members

Most of the expertise on the cold technology chosen for the ILC is 
still belonging to the TESLA Collaboration

TESLA Collaboration Members should strongly support TTF 2 and the 
DESY hosted infrastructures. This is on their interest

TESLA Collaboration can be very useful for an effective and 
coordinated contribution to most of the technology related issues

Signing for the XFEL, a few major European Countries are already on 
the right path


