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HIGH GRADIENT RF 2006

High Gradient 2006
Worskhop

Welcome
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Objectives
W.Wuensch: Workshop chairman
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HIGH GRADIENT RF 2006

The objective of the workshop is to bring the
high-gradient rf community together to
present and discuss recent theoretical and
experimental developments.

Significant progress has been made by a
number of groups In recent years to
understand the basic physics of rf
breakdown and develop techniques for
achieving higher gradients.

We hope with this workshop to help maintain
the momentum of this effort and to promote
contacts and collaborations
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| 1M World-wide context

HIGH GRADIENT RF Edﬁ

o Large effort (and resources) during many years invested
by the whole community on high accelerating fields
developments in the frame of Linear Colliders R&D

 Cold RFtechnology selected for ILC in TeV range with
gradients of 25 to 35 MV/m:
— R&D to reduce spread on performances and cost

« Warm RF technology development for NLC/JLC/CLIC

— 65 MV/m successfully demonstrated by the NLC/JLC collaboration

— Keep momentum building up on accumulated knowledge and taking
advantage of the hardware development and theoretical understand.

 Quest for high(er) acceleration fields to push further the
HEP high energy frontier into the Multi-TeV range in the
future and other possible applications
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—uropean Strateadic Plan

LHC

Accelerator
beyond LHC (incl. CLIC)

R&D:

Global Neutrino Prog.

The European strategy for particle physics

The European strategy for particie physics

Particle P]Wgﬁir% ands on the threshold of a new and exciting era of c{i.-sc.z'wcrq.
The next SZmemﬂon of :’.xpcr\'mcﬂfs will cxp]orc new demains and F\rol\c the clcé[:»
structure of space-time. T]Teq will measure the Prclperh'cs of the :*Lr:m:‘n*mrq con-
stituents of matter and their interactions with unPrca;c'dcn’(rd accuracy, and tlnc:f
will uncover new P]T:*.ﬂ(]m(‘.ﬁi] such as the Higgs hoson or new forms of matter. | .ong:
:'si’;.\nc]\'ng Pu.zzlcs such as the origin of mass, the matter-antimatter asymmetry of
the Unverse and the mysterous dark matter and energy that Fc.rm(*.:—ftc. the cos-
mas will soon benefit from the |'n5|5|1t5 that new mea surements will lvn'ng T()gcﬂmr,

the results will ]m‘nvc a rofound im act on the way we see our Universe; European
F:}r'hc/n.“ P/?q.wr s should rirvurz.)ttgﬁ{q g-:»;pfcut its current exciting and dwerse rescarch
programme. ‘If should P(J.-'Jhan itself to stand nma{’; ) to address the challe NgES Hrmt
i and it shor f/n{fmrhi:.:’anr} m?q nan

will emerge from exploration of the new frontier
&
.'m:rc:asmg_/q ‘_gf‘( shal adventure.

4. In order to be in the position to push the energy and
luminosity frontier even further it is vital to strengthen
the advanced accelerator R&D programme; e coordinated

General issues

Astrophysics (ApPEC)
Flavour Physics

Nuclear Physics
(NuUPECC)
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1. European particle physics is founded on strong national

institutes, universities and laboratories and the CERN
Organization; Europe should maintain and strengthen its
central position in particle physics.

Increased globalization, concentration and scale of particle
physics make a well coordinated strategy in Europe
paramount; this strlegy will be defined and updated by CERN
Council as outlined beloto,

Scientific activities

. The LHC will be the energy fronlier machine for the
foreseeable future, maintaining European leadership in the
field; the highest priority is to full y exploit the physics potential
of the LHC, resources for completion of the
huve to be secured such that machine and experiments can operate
optimally af their design performance, A subsequent major
Tuminosity upgrade (SLHC), motivated by physics results

ial programme

and operation experience, will be enabled by focussed R&Dy;
o this end, RGD for machine and detectors las to be vigorously
pursued now and centrally organized towards @ luminosity
upgrade by around 2015,

@«

"

N

pragramme showdd be intensified, to develop the CLIC technology
and high performance magnets for futsere accelerators, and to play
a significant role in the study and developrent of a Iigh-intensity
newtrina fucility.

Itis tundamental to complement the results of the LHC with
measurements at a linear collider. In the energy range of
05101 TeV, the ILC, based on superconducting technology,
will provide aunique scentific opportunity at the precision
frontier; there should be a strong well<oordinated Europein
actoity, including CERN, through the Globat Design Effort, for
its design and techmioal preparation towsrds the construction
decision, to be ready for a new assessment by Council arownd
2010.

Studies of the sdentific case for future neutrino fadilities
and the R&D into assodated technologies are required to
be in a position to define the optimal neutrino programme
based on the information available in around 2012; Courcil
will play an active rle in promoting a coordinated Enropean
participation in @ global neutring programme,

A range of very important non-accelerator experiments
take place at the overlap betw een particle and astroparticle
physics exploring otherwise inaccessible phenomena;
Council will seek to work with ApPEC to develop @ coordinated
strategy in these areas of mutual interest,




European Strategic Plan

HIGH GRABIENT R 2006 Recommendations on Accelerators R&D

4. In order to be in the position to push the energy and
luminosity frontier even further it 1s vital to strengthen
the advanced accelerator Ré&D programume; a coordinated

programme should be intemsified, to develop the CLIC techmology
and high performance magnets for future accelerators, and to play

a significant role in the study and development of a high-mntensity
neutrine facility.
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HIGH GRADIENT RF 2006

COLLIDER (CLIC) sTuDY

The CLIC study is a site independent
feasibility study aiming at the development of
a realistic technology at an affordable cost for
an ex Linear Collider in the post-LHC era for
Physics in the multi-TeV center of mass

colliding beam energy range.
http://clic-study.web.cern.ch/CL1C-Study/
CERN 2000-008, CERN 2003-007, CERN 2004-005
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CLIC technology
for Multi-TeV Linear Colliders

)| 33.2 km R
MAIN BEAM Two specific key features
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Overall layout for a center
of mass energy of 3 TeV/c
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Performances of Lepton Colliders
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Work Plan for the US Collaboration
on High Gradient Research for a

HIGRIGRADIENTRE 2000 Multi-TeV Linear Collider

Editors:

Reonald Ruth, SLAC {Collakoration Spokesman)
Wei Gai, ANL

Christopher Mantista, SLAC

Gregory Nusinovich, UMD

Sami Tantawi, SLAC

Richard Temkin, MIT

1.0 Work Plan Summary

The purpose of the collaboration is to harmess the nation’s expertise to advance our understanding of RF
breakdown and accelerating gradient limits in normal conducting RF powered particle accelerators, the
specific goal being to establish the best frequency and accelerator structure design for a future multi-TeV
two-beam linear collider. Specifically, the collaboration will explore the possibility of pushing the useable
acceleration gradient from the 65 MV/m reliably achieved in NLC sfructures up towards 180 MV/m or higher.

An initial organizational meeting to establish a U.S. Collaboration on High Gradient Research was held in
July, 2005. Duning the meeting, 20 proposals were made. After the meeting, 10 more detailled proposals
have been submitted. We edited these proposals, and based on them we formed our collaboration work
plan. This work is assumed to span a period of 5 years.

SLAC will be the host of this collaboration. Its experimental facilities will be available to collaborators for
experiments supported within the collaboration. The collaboration members at the moment include
universities, national laboratories and five small business companies. In the following, we will summarize our
proposed exploration of the RF breakdown phenomenon through a set of expenmental, theoretical and
simulation programs.
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1.0Work Plan Summary

The purpose of the collalxoration is to hamess the nation's expertise to advance our understandin
breakdown and accelerating gradient imits in normal conducting RF powered particle accelerad
specific goal being to establish the best frequency and accelerator structure design for a future m
twio-beam linear collider. Specifically, the collaboration will explore the possibility of pushing the
acceleration gradient from the 65 MVIm reliably achieved in NLC structures up towards 180 MVim or

An initial organizational meeting to establish a U.S. Collaboration on High Gradient Research was
July, 2005, During the meefing, 20 proposals were made. After the mesting, 10 more detailed pr
have been submitted. We edited these proposals, and based on them we formed our collaboratii
plan. This work is assumed to span a period of 5 years.

SLAC will be the host of this collaboration. Its experimental facilities will be available to collakbor:
experiments supported within the collaboration. The collaboration members at the moment
universities, national laboratories and five small business companies. In the following, we will summa
proposed exploration of the RF breakdown phenomencn through a set of expenmental, theorsd
simulation programs.

1.1 DIRECT TESTING OF RF BREAKDOWN AT MICROWAVE FREQUENCIES

In spite of intensive and lengthy efforis at many laboratories throughout the world, we still have onb
limited understanding of surface breskdown at microwave frequencies. Very little iz known about ge
effects and the response of simple materials, let alone alloys and composites. The initial program
characterized by an intensive experimental program. This program has to address the basic ph
breakdown phenomena and its frequency scaling. Because of itz exploratory nature, we expect fo do
number of experiments, addressing different aspects of geometrical changs and material variation.
priority must be given fo establizhing experimental facilities.

1. The major experimental work will be conducted at SLAC, initially at 11.424 GHz ar
successful RF source development, at higher frequencies.

The MEL facilities will also be used to debug new concepts and devices.

Research at 17 GHz will be conducted at MIT uging an existing facility and, at a late
an upgraded facility.

Work at 17 GHz will aleo be conducted at University of Maryland.

Work at higher frequencies will reguire the development of RF scurces.

)

1.2 RF SOURCE DEVELOPMENTS

At the moment there is no high repetition rate/high average power operational RF source at high freg
(>11.424 GHz). These are needed to study RF breakdown and understand its scaling with freguer
proposes to:

1. Develop a multi-purpose gyrotron oscillator which can be operated using a SLAC my

with operating frequency of 22.5 GHz and 30 GHz,

2 Develog an active pulze compreasion system that can operate with oscillator sources. 1
also be used with the CERM CTF-3 facility to provide a source at 30 GHz,
Test, uzing a SLAC modulator, the 10 MW, 91 GHz gyroklystron produced by CCR. In
course of an SBIR project,
Upgrade the MIT accelerator facility to operate &t higher repatition rate for improved st
breakdown and novel accelerator sfructures at 17 GHz,
Upgrade the University of Mandand GEL facility o operate at high repetition raie. Then
its high freguency gyroklystrons can be used as a source for RF proceasing at 17 C
above,
6. Upgrade and maintain the Omega-Fivale magnicon facility by combing its four ou

provide an initial source at 34 GHz.

Lol

tn

1.0 Work Flan Summary

1.3 NON-RF EXPERIMENTAL PROGRAMS

There are fwo programs aimed at exploring surface phenomenon under high fisld.

1. Experiments at AML uszing an RF electron gun to understand the nature of the fisld
enhancemsent factar, 2.

2. Experiments with atom probe tomography to understand the structure and the dynamics of
surface atoms under high field condiions. Thiz iz done st Northwestem University in
collabaration with ARL.

1.4 THEORY AND SIMULATIONS

The theorstical work and simulations are closely coupled to the experimental program. Several groups are
going fo be involved in these efforts:

+ SLAC

+ MIT

¢ University of Maryland
+  ANL

+ LBNL

The proposed theoretical rezearch from each of these groups is deseribed in detail in this Work Plan.

1.5 NOVEL ACCELERATOR STRUCTURE DEVELOPMENTS

Although the initial part of work plan is characterized with an exploratory effort, the available information and
past experience could point the way to RF structures that can sustain higher gradient. It is well known that
shorier pulse width results in higher gradient, althcugh the sealing laws for this effect are still in debate. To
ufilize this effect structures with high damping of long range wake field will permit closer electron bunch
spacing and hence a shorter overall pulza length. These types of structures are being developed at CERN,
MIT, and the University of Colorado.

Also, it has been observed that shorier structures with small group velocifies behave better than longer
structures. Ultimately, one would conjectures that a standing wave accelerator structure should behave beiter
than a fraveling wave accelerator siructure. Movel structures with distnbuted coupling are being developed
at SLAC. Also, 8 mixfure of traveling and standing wawve accelerator struciures are being developed at
LICLA,

Finally, dielectric accelerator sfructures are being studies at ANL, MRL, SLAC and UCLA,
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HIGH GRADIENT RF 2006

HGO06 Goals

e Critical analysis of experimental results
and theoretical models

e Constructive exchanges on
understanding of RF structure limitations

 Elaboration of development and action
plans towards high(er) accelerating fields

 Reinforcement of existing collaborations
and identification of possible new ones
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Raquel Fandos E-mail contact:
Alexej Grudiev walter.wuensch@cern.ch

Gilbert Guignard or Syratchev Web site:
i http://cern.ch/HG2006
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Marie-Christine Guirao




