TESLA Design &
Accelerator R& D Opportunities
H. Padamsee, Cornell University

. ~33 km TeV
X-ray FEL laboratory ® Energy :
_ Superconducting
Linear
superconcucting R Accelerator
ELECTRON linac QN
experimental hall _. 8
and detector for - :
particle physics e .
bl ~20 m
cryogenic hall - \
P - Needs 24 MV/m
superconducting o
POSITRON linac
800 GeV needs
tunnel

"dog bone" dampingring 35 M\//m



sources

TESLA
The Superconducting Electron-
Positron Linear Collider with an

INTERNATIONAL LINEAR COLLIDER

Integrated X.RANEE s L B TECHNICAL REVIEW COMMITTEE
Technical Design Report SECOND REPORT
2003
Chalr Gregory Loew
Steering Comiamittes Beinhard Brinkmann

Foaoru Yokova
Tor Banbenheimer
Crilbvert Guignard

March
2001



PROCEEDINGS OF 1990
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Parameter \ S.C | TESLA
Beam energy [GeV] \ 46 250
Beam power/beam [MW] \ 0035 | 113
Vertical rmsbeam size at 1P [niY] 650 5 \
Beamstralung photons/electron N& 1.1 1.6
Disruption enhancement H, \ 2.1 2.1
Luminosity [10% cm? 7] \| 0003 | 34
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20 vertical beam size (TESLA)

10 nm N NLC, JLC




The dominant challenge to reach the
desired energy iIsthe main linac
technology

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

TESLA 9-cell




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

Feature TESLA

1.3 GHz
Structure length (cm) 104
(loaded) accelerating gradient [MV/m] | 24 (35") Main Reasons for SC
Number of structures 20592

_ 1 Fill owly =>

Two-Linac [ength [km] 30 Big Reduction of Peak RF Power
RF pulse length [nE] 1370
Cyclerate [HZ] S «2 High overall efficiency of
RF power/structure [MW)] - all for beam | 0.25 / AC power to beam power
Efficiency (Beam power/AC Power [%]) | 23.8

*Required for energy upgrade



3. Wakefields

Low Freguency, large apertures Affordable =>

Low Wake fields to disrupt beam

Choice of technology
determines radius of
structure iris a:

High frequency - small a

Low frequency - large a

Stronger wakefields (beam induced electro-
magnetic fields) with smaller iris radius!
Beam is closer to metallic walls...




Key Challenges
* Operate 500 GeV a Eacc™ 24 MV/m

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

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

o cavity design (to reduce peak surface electric and magnetic fields),
* Nb material quality,
e cavity fabrication, cleaning and processing techniques

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

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

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



Zooming inon TESLA
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70 K ML Isolation (30 Layers)




70 K Shield before Welding
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Preparation of TESLA Cavity String







Cavities and Cavity Parts




Preparation of TESLA Cavities

Furnace treatment

B
| From ultrapure

water system

.

Pressure

requlator Filter

t
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Cavity Vertical Test

* The naked cavity isimmersed in a super-fluid He bath (2 K).

e RF test are performed in CW with a moderate power(< 300W)




Steady Improvement in Cavity Gradient
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Steady Improvement In CaV|ty Gradientsand Q’s
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3rd Production - electro-polished Cavities
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Highest Gradient Performance
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In Cryomodules
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Gradient of Accelerator Modules
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Cavity tests:
Bl Vertical (CW)

Module 5

B Module 5 (1Hz)
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Cavity 14.09.2003




EP 9-cdl Cavities -

Cryomodule
“Chechia’

Cavity is fully assembled

It includes al the ancillaries:
— Power Coupler

— Helium vessel

— Tuner (...and piezo)

RF Power isfed by a
Klystron through the main
coupler

Pulsed RF operation using
the same pulse shape
foreseen for TESLA




Cavity AC 73: 35 MV/m in CHECHIA

i.e. high power test and 1/8th of a TTF Linac module
10 -
- AC73 - Vertical and Horizontal Test Results
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AC 72 also reached 35 MV/m In
CHECHIA

1ﬂ|1 .
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TESLA Test Facility Linac (TTF)

e- beam e- beam
diagnostics diagnostics

laser driven
electron gun

bunch
compressor

_]—l\l_—l,l—[_

undulator

photon beam
diagnostics

pre-
accelerator

superconducting accelerator
modules

240 MeV 120 MeV 16 MeV 4 MeV




RF Systems Assembled and Tested in TTF

lystron

F Il RF test: Power distribution/measurement diagram
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TTF High Power RF

- GOl |

Baprn
AT Thenad |

Catpis
wirhois |

TH1801
Multi-Beam
Klystron

h : Bouncer

LI 1Al=ime~ I [y T A T Aallabarmsdises BAAaadlmes FLISAS | ol SR ST



LINAC E,. [MV/m]

40

35

30

25

20 -

15

10

INn Beam

LINAC vs. Vertical

— Upgrade Goal
* M2 L’
H M3 2001 > ’ g
n o _*
® M1* H & A
0 5 10 15 20 25 30 35 40

Acceptance test E .. [MV/m]

13, 000 hours of beam time



TTF -1 Complete

LR TTF-I1 under construction
WS, In Model Tunnel

Experimental Hall for

\li UV FEL Facility




Model for TESLA Tunnel
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TESLA Test Facility Linac — Phase |l

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 1000 450 MeV 150 MeV 4 MeV
area bypass MeV

BC3 BC2 \‘mx
—— e o I .
L= = =) s (i ——= -
undulators seeding collimator #7 #6 #5 #4 #3 #2 module RF gun
#1

250 m

FEL User Facility in the nm Wavelength Range



accelerator modules

module test /
magnets / cryogenics

linac components

(injector, bunch
coOmpressors,
diagnostics, dumps)

Photons

FEL concepts

Controls / Operability

Infrastructure
(site, civil
construction, survey,

tunnel layout,
utilities)

Safety

Organisation

1. RF System

2. Low Level RF (LLRF)

3. Accelerator Modules

4. 5.C. Cavities

5. Power Coupler

6. HOM Coupler § Pick-Up

T. Frequency Tuner

8. Cavity Flanges / Cold Vacuum {inel.warm injector section)

8. Cavity String Assembly / Clean Room Quality Assurance

Help Needed from
Collaborators!

TTF has defined 38 Work Packages



RF Unit 1 klystron for 36 nine-cell cavities each
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Mechanical tuner
(frequency adj.)
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pickup signs

Low level RF cavity control m
provide gradient and phase control

sum

f

vector

of the cavities through feed forward or
and feedback systems, detect the

relative beam to rf phase, detect

devel oping cavity problems and

faults, and provide exception

handlina

demodulat

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.




L L RF Continued

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 afault.

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

Low level RF ssimulation 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 ssimulators to RF control.



1. RF System

2. Low Level RF [LLRF)

J. Accelerator Modules

4 5.C. Cawvities

Invites scientists
knowledgeable in material and
surface physicsinto
understanding important

5. Power Coupler \

6. HOM Coupler Fi:h—ap\

7. Frequency Tuner \

8. Cavity Flanges / Cold Vacuum {in:l.w_iectur gection)

9. Cavity String Assembly / Clean Room uuawmu

~ properties related to high
gradient and Q.

Grain size, hardness, tensile
strength, RRR, workability,
guality control of inclusions,
eddy current scanning,

chemical treatment,
\ectropol Ishing parameters....

Copper plating, TIN plating for
Input couplers



accelerator modules

linac components

(injector, bunch

compressors,
diagnostics, dumps)

14.

Injector

15.

Bunch Compression and Start-to-End Simulation

16,

Lattice Design and Beam Optics/Dynamics

17.

Standard Beam Diagnostics

18.

Special Beam Diagnostics

19.

Yacuum system {warm)

Photons

20.

Beam Dumps

FEL concepts

21.

Undulators

Controls / Operability

Infrastructure

(site, civil
construction, survey,
tunnel layout,
utilities)

Safety

Organisation




Button BPM




Remote Involvement

Involvement of collaborators in design, construction,
operation, and maintenance of the accelerator or
experiment

This includes:

- remote operation

- remote experiments

- remote solving of problems

- remote improvements and developments

- coordination, sharing of information and
documentation

Siegfried Schreiber, DESY * Plenary Meeting “Collaboration on Tool to support Far Remote Operating and Collaborative
Accelerator Research” * G5l Darmstadt 21-Feb-2003



Overview of remote operation around TTF

Home, MI|EII'ID Roma/
Ofﬂce Paris
,0\33% ?‘T Chicago
r' z@@/ ‘&;@ i@:@ ,@ r"l Seniy
-ﬁ" INFIy (Z@
ﬁ %g/BKR 4 A Saclay E= -"'@ Lg,

Fermilab (@“g\

TTF @ DESY  Photoinjector @ Fermilab PITZ @ Zeuthen

Siegfried Schreiber, DESY * Plenary Meeting “Collaboration on Teool to support Far Remote Operating and Collaborative
B Accelerator Research” * G5| Darmstadt 21-Feb-2003

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 Accdlerator Network Activities

Setup remote control station and become familiar with aspects of thelinac
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 aLC. 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 Decadeof TESLA R&D

*Big successfor the TESLA collaboration
* But still much needsto bedone

=t E-_ ,

Ipport from a wide SC community
nterested in SC technology for
* light sour ces, neutron sour ces,
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



