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Abstract

The International Linear Collider Technical Review
Committee (ILC-TRC), formed in 1994, was reconvened
in February 2001 by the International Committee for
Future Accelerators (ICFA) to assess the current technical
status of all electron-positron linear collider designs at
hand in the world: TESLA, JLC-C, JLC-X/NLC and
CLIC. The ILC-TRC worked for exactly two years and
submitted its report to ICFA in February 2003.

This paper presents the motivation behind the study, the
charge to the committee and its organization, a table of
machine parameters for 500 GeV c.m. energy and later
upgrades to higher energies, the methodology used to
assess the designs, and a ranked list of R&D tasks still
deemed necessary between now and the time any one of
the projects is selected by the HEP community and begins
construction. Possible future developments are briefly
discussed.

MOTIVATION, CHARGE AND
ORGANIZATION

The international high energy physics (HEP)
community at the present time finds itself confronting a
set of fascinating discoveries and new questions regarding
the nature of matter and its fundamental particles and
forces. The observation of neutrino oscillations that
indicates that neutrinos have mass, measurements of the
accelerating expansion of the universe that may be due to
dark energy, and evidence for a period of rapid inflation
at the beginning of the Big Bang are stimulating the entire
field. Looming on the horizon are the potential
discoveries of a Higgs particle that may reveal the origin
of mass and of a whole family of supersymmetric
particles that may be part of the cosmic dark matter. For
the HEP community to elucidate these mysteries, new
accelerators are indispensable.

During the past year, after careful deliberations, all
three regional organizations of the HEP community
(ACFA in Asia, HEPAP in North America, and ECFA in
Europe) have reached the common conclusion that the
next accelerator should be an electron-positron linear
collider with an initial center-of-mass energy of 500
Giga-clectronvolts (GeV), later upgradable to higher
energies, and that it should be built and operated in
parallel with the Large Hadron Collider under
construction at CERN. Hence, this second report of the
International Linear Collider Technical Review
Committee (ILC-TRC) came at a very timely moment.
The report was requested by the International Committee
on Future Accelerators (ICFA) in February 2001 to assess
the current technical status of electron-positron linear
collider designs in the various regions. Note that the ILC-
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TRC was not asked to concern itself with either cost
studies or the ultimate selection process of a machine.
The study and production of the report took exactly two
years. The report was submitted and accepted by ICFA at
its February 14, 2003 meeting in Tsukuba, Japan.

The four e'e¢ colliders under consideration were
TESLA (1.3 GHz), JLC(C) (5.7 GHz), JLC(X)/NLC
(11.4 GHz), and CLIC (30 GHz).

The charge for the second ILC-TRC study is given
below:

SECOND ILC-TRC CHARGE

To assess the present technical status of the four LC
designs at hand, and their potential for meeting the
advertised parameters at 500 GeV c.m. Use common
criteria, definitions, computer codes, efc., for the
assessments
= To assess the potential of each design for reaching higher
energies above 500 GeV c.m.

-+ To establish, for each design, the R&D work that remains
to be done in the next few years
- To suggest future areas of collaboration

The organization of the ILC-TRC showing the Steering
Committee and the Working Groups is given below in
Table 1.

Table 1

Chair Gregory Loew (SLAC)

Steering Committee Reinhard Brinkmann (DESY)

Kaoru Yokoya (KEK)

Tor Raubenheimer (SLAC)

Gilbert Guignard (CERN)

Working Groups

Technology, RF Power and Energy
Performance Assessments

Daniel Boussard (CERN,
Retired), Chair

Luminosity Performance

Gerry Dugan (Cornell), Chair

Assessments

Reliability, Availability and Nan Phinney (SLAC)

Operability Ralph Pasquinelli (FNAL),
Co-chairs
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The members of the Steering Committee each
contributed a complete description of their respective
designs and upgrades (see full report [1] and Table 2 for a
summary of the principal machine parameters). While all
linear collider designs have undergone remarkable
progress in the past 15 years, the machines reviewed here
are not all in the same state of readiness. TESLA is most
advanced in terms of the rf system feasibility tests mainly
conducted at TTF (DESY). JLC-C consists only of a 400
GeV c.m. rf design based on technology being developed
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for a linac-based FEL at SPring-8 in Japan. JLC-X/NLC
have an rf design based on ongoing tests at NLCTA and
ASSET (SLAC). Both TESLA and JLC-X/NLC have
fairly mature conceptual designs. CLIC follows a more
novel approach based on a two-beam system studied at
CTF (CERN), but it needs more time to be developed. If
successful, CLIC could eventually reach 3 TeV c.m.
within a footprint similar to the other schemes. Aside
from the rf systems, all of the machines have benefited
from advanced tests at FFTB (SLAC) and at ATF (KEK),
and from experience with the first linear collider, the
SLC, which operated at SLAC from 1988 through 1998.
The SLC experience has been essential in understanding
the luminosity potential of these four designs.

METHODOLOGY USED BY THE
WORKING GROUPS

The assessments of the four linear colliders were
carried out by the three Working Groups in Table 1,
which in turn subdivided their tasks as follows:

Technology, RF Power and Energy
Performance

Injectors, Damping Rings and Beam Delivery

Power Sources (Klystrons, Power Supplies, Modulators
and Low Level RF)

Power Distribution (RF Pulse Compression, Waveguides,
Two-beam)

Accelerator Structures

Luminosity Performance

Electron and Positron Sources (up to Damping Rings)
Damping Rings

Low Emittance Transport (from Damping Rings to IP)
Machine Detector Interface

Reliability, Availability and Operability

Compilation of data from existing machines
Component reliability issues

Machine Protection Systems
Commissioning, tuning, and maintenance

The groups assessed their respective systems and topics
for all the machines. They then summarized their positive
reactions as well as their concerns about all relevant
design details, and translated their concerns into R&D
topics and milestones required to mitigate these concerns.
About 120 R&D issues were addressed. The ILC-TRC as
a whole then ranked the R&D issues according to the
following four criteria:

Ranking 1: R&D needed for feasibility
demonstration of the machine:

The objective of these R&D items is to show that the
key machine parameters are not unrealistic. In particular,
a proof of existence of the basic critical constituents of
the machines should be available upon completion of the
Ranking 1 R&D items.
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Ranking 2: R&D needed to finalize design
choices and ensure reliability of the machine

These R&D items should validate the design of the
machine, in a broad sense. They address the anticipated
difficulties in areas such as the architecture of the
subsystems, beam physics and instabilities, and
tolerances. A very important objective is also to examine
the reliability and operability of the machine, given the
very large number of components and their complexity.

Ranking 3: R&D needed before starting
production of systems and components

These R&D items describe detailed studies needed to
specify machine components before construction and to
verify their adequacy with respect to beam parameters
and operating procedures.

Ranking 4: R&D desirable for technical or cost
optimization

In parallel to the main stream of R&D needed to build a
linear collider, there should be other studies aimed at
exploring alternative solutions or improving our
understanding of the problems encountered. The results
of the Ranking 4 R&D items are likely to be exploited for
improved technical performance, energy upgrades, or cost
reduction.

GENERAL CONCLUSIONS

e The Steering Committee and the three Working Groups
reached the following general conclusions:

e LC designs and technologies have made remarkable
progress in the last 15 years

e Beam dynamics computer simulations have also made
remarkable progress

e The Committee did not find insurmountable
showstoppers to build TESLA, JLC-X/NLC or JLC-C
in the next few years, and CLIC in a more distant
future, given enough resources

e However, significant R&D, which is described below,
remains to be done for all designs

e Reliability, availability and operability need much
greater attention than given so far (see section on peak
and integrated luminosity below).

RANKING OF RECOMMENDED R&D
ISSUES

Specific concerns and assessments are described in
great detail in the report[1]. All the R1 tasks and some of
the R2 tasks (common to all machines) are reproduced
here. The reader who is interested in more details should
refer to the full report.

Ranking 1 Items
TESLA Upgrade to 800 GeV c.m.
e The committee considered that a feasibility

demonstration of the machine requires the proof of
existence of the basic building blocks of the linacs. In
the case of TESLA at 500 GeV c.m., such
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demonstration requires in particular that s.c. cavities
installed in a cryomodule be running at the design
gradient of 23.8 MV/m. This has been practically
demonstrated at TTF1 with cavities treated by chemical
processing. The other critical elements of a linac unit
(multibeam klystron, modulator and power distribution)
already exist.

e The feasibility demonstration of the TESLA energy
upgrade to about 800 GeV c.m. requires that a
cryomodule be assembled and tested at the design
gradient of 35 MV/m. The test should prove that
quench rates and breakdowns, including couplers, are
commensurate with the operational expectations. It
should also show that dark currents at the design
gradient are manageable, which means that several
cavities should be assembled together in the
cryomodule.  Tests with electropolished cavities
assembled in a cryomodule were foreseen in 2003.

JLC-C

e The proposed choke-mode structures have not been
tested at high power yet. High power testing of
structures and pulse compressors at the design
parameters are needed for JLC-C. Tests are foreseen at
KEK and at the SPring-8 facility in the next years.

JLC-X/NLC

e For JLC-X/NLC, the validation of the presently
achieved performance (gradient and trip rates) of low
group velocity structures — but with an acceptable
average iris radius, dipole mode detuning and
manifolds for damping — constitutes the most critical
Ranking 1 R&D issue. Tests of structures with these
features are foreseen in 2003.

e The other critical element of the rf system is the dual-
moded SLED-II pulse compression system. Tests of its
rf power and energy handling capability at JLC-X/NLC
design levels are planned in 2003. As far as the 75
MW X-band klystron is concerned, the Working Group
considers the JLC-X PPM-2 klystron a proof of
existence (although tested only at half the repetition
rate). A similar comment can be made regarding the
solid-state modulator tested at SLAC.

CLIC

e The presently tested CLIC structures have only been
exposed to very short pulses (30 ns maximum) and
were not equipped with wakefield damping. The first
Ranking 1 R&D issue is to test the complete CLIC
structures at the design gradient and with the design
pulse length (130 ns). Tests with the design pulse
length and with undamped structures are foreseen when
CTF3 is available (April 2004).

e The validation of the drive beam generation with a
fully loaded linac is foreseen in CTF3. Beam dynamics
issues and achieving the overall efficiency look
challenging.

e In the present CLIC design, an entire drive beam
section must be turned off on any fault (in particular on
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any cavity fault). CLIC needs to develop a mechanism
to turn off only a few structures in the event of a fault.
At the time of writing this report, there is no specific
R&D program aimed at that objective but possible
schemes are being studied.

Ranking 2 Items Common To All Machines

Damping Rings

o Simulations and experiments to study electron cloud
and fast ion instabilities

e Extraction kicker stability <107 level

o Emittance correction algorithms

Low Emittance Transport

e Static and dynamic tuning studies using beam-based
alignment techniques

e Development of critical
including luminosity monitors

e Main linac module and quadrupole vibration studies

Overall Reliability Studies

o A detailed evaluation of critical subsystems reliability
is needed to demonstrate that adequate redundancy is
provided and that the assumed failure rate of individual
components has been achieved.

e The performance of beam based tuning procedures to
align magnets and structures must be demonstrated by
complete simulations, in the presence of a wide variety
of errors, both in the beam and in the components.

OVERALL IMPACT OF RELIABILITY ON
PEAK AND INTEGRATED LUMINOSITY

The ILC-TRC spent considerable time and effort
discussing the problem of reliability, availability, and
operability, and their impact on peak and integrated
luminosity which are equally important when one designs
a collider. Much work has been done but much more is
needed, regardless of which machine is selected. Unlike
for storage rings, every pulse for a linear collider is a
complete cycle from beginning to end. Experience with
the SLC at SLAC from 1988 to 1998 showed that such a
machine cannot reach its peak luminosity unless the
hardware is reliable and machine tuning algorithms are
highly automated. Without these conditions, the process
of improving the luminosity does not converge.
Furthermore, the major obstacles in running the SLC
efficiently turned out to arise not from the linac rf system
(which can be tested with prototypes), but from the
damping rings, the positron source, the arcs, and the final
focus. The future LC will not contain arcs but it will have
long beam delivery systems with many collimators. None
of these systems will be testable ahead of time in their
entirety. Extrapolations to a linear collider that will be
ten times as long and complex make these considerations
even more stringent and difficult.

Even so, experience with existing accelerators can
guide us by focusing on certain factors which are helpful
in realistically estimating integrated luminosity. Four

beam instrumentation,
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relevant quantities, ST, HA, BE, and NL, are defined

below.

e ST is the total scheduled calendar time for the machine
in a year.

e HA is the fraction of time the machine hardware is
available to produce beam. Hardware downtime
includes both unscheduled repairs (when something
critical breaks), scheduled repairs (either at regular
intervals or when enough problems have accumulated),
and all associated cooldown, warmup, and recovery
times. For an accelerator, one must consider not only
how long it takes to repair a failed component, but also
the total time the beam is off because of the fault,
including time lost due to access and the time taken to
retune the beam.

e BE is the effective fraction of beam time actually
delivering luminosity. Beam inefficiencies include
Machine Development (time spent studying and
improving the accelerator), the impact of tuning
procedures, injection, and the luminosity decay during
a store (for storage rings), Machine Protection trips and
recovery (for linacs), and last but not least, the simple
fact that accelerators do not manage to deliver the same
luminosity on every pulse or for every store.

e NL is the nominal luminosity during a particular run. It
may be greater or less than the design luminosity, but it
usually increases steadily with time. For a storage ring,
it is the typical luminosity at the beginning of a store.
For a linear collider, it is the luminosity when the
beams are colliding well.

Multiplying these four quantities together yields the
integrated luminosity. The reader may perform such a
calculation by making his or her own guesses based on
other machines. If, for example, one takes an ST of 6500
hours, an HA of 80% (perhaps somewhat optimistic), a
BE of 80% (which includes 10% for Machine
Development and 10% for all other inefficiencies), and a
hypothetical NL of, say 10x10**cm™s”, then one gets an
integrated luminosity of 150 inverse femtobarns for that
year.

The reader is cautioned not to take the above numbers
as predictions, but rather to see this example as a
reminder to the designers and builders of a linear collider

of the importance of reliability, operability, and
tunability.
A POSSIBLE ROADMAP FOR THE

FUTURE

During the past year, the respective HEP communities
in Asia, Europe and North America have constituted
regional steering committees to organize the process that
could eventually lead to the construction of an
international linear collider. To coordinate their work, an
International Linear Collider Steering Committee
(ILCSC) has also been formed. A possible roadmap to
achieve these goals is briefly outlined below.

e By 2004, the R1 tasks for TESLA and JLC-X/NLC will
hopefully be accomplished.
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e The ILCSC has already set up international accelerator
and detector sub-committees to continue relevant
studies. A “wise-persons” committee yet to be formed
will recommend the selection of a single accelerator
technology on the basis of physics reach, technical and
cost comparisons, as the R1 tasks are completed.

e An International LC Design and Management Group
will then be created to prepare a unified Technical
Design Report and cost estimate in 2-3 years.

e Meanwhile, the three regional steering committees are
engaging their respective government agencies to form
the necessary international oversight, management and
financial institutions to launch the LC.

e Once design and cost estimate are completed, an
international decision to proceed can be made: host
region(s) will come forward, and an ultimate site will
be selected.

e Construction could then begin.

ACKNOWLEDGEMENT

The material presented in this paper was to a large
extent extracted from the Executive Summary of the ILC-
TRC Report [1]. In addition to the people called out in
Table 1, the author wishes to thank all the other members
of the committee who contributed to the study and to the
report:

Chris Adolphsen (SLAC), Ralph Assmann (CERN),
Hans H. Braun (CERN), YongHo Chin (KEK), Winfried
Decking (DESY), Helen Edwards (FNAL), Jacques

Gareyte (CERN), Kurt Hibner (CERN), Witold
Kozanecki (CEA Saclay), Kiyoshi Kubo (KEK), Lutz
Lilje (DESY), Pavel Logatchov (BINP), Ralph

Pasquinelli (FNAL), Nan Phinney (SLAC), Joe Rogers
(Cornell), Marc Ross (SLAC), Daniel Schulte (CERN),
Andrei Seryi (SLAC), Ronald Settles (MPI), Tsumoru
Shintake (KEK), Peter Tenenbaum (SLAC), Nobu Toge
(KEK), Nick Walker (DESY), Hans Weise (DESY),
Perry Wilson (SLAC), and Andy Wolski (LBNL)

REFERENCES

[1] The report may be found on the Web at:
http://www.slac.stanford.edu/pubs/slacreports/slac-r-
606.html
Copies of the entire report may be obtained by
requesting SLAC-R-606 from the following address:
Stanford Linear Accelerator
2575 Sand Hill Road, MS-68
Menlo Park, CA 94025
E-mail address: epubs-l@slac.stanford.edu




Proceedings of the 2003 Particle Accelerator Conference

*90BJINS 9Y) U0
K19[[e3 uonsAY 9jeIedos & [IIM [oUUN) B UI PAJROO] SI J0JRIS[I09L Wedq JALIP DITD SUO[-W (OE SYL "} [HLM POJBIOOSSE SIOJR[NPOW IO SUONSATY OU o8 919U} 9OUIS [ouun) 9[3UIS B SISN OBUI[ UTBW O} ‘OUIdYOS
DITD 9y U] “aInso[oud djeredas € Ul s10ie[NPOW pue SUOLSAPY oy} s9oe[d Jnoke] [duuny S[qnOP Y} S[IYM [dUUN} JBUI| UTRW I} UI SOINJONI)S J0JRIS[90. pue SUONSA]Y 93 Y30q Sey JnoAke| [ouuny 9[3uIs oy,
"SANI[I08] IS PUB SIUI[ UWILdq 13YJ0 [ J0f 1omod se [[om se SwasAs Surjood pue y1 deul] 10§ DV sdpnjour romod 91s [e)0],

“Junodoe oyur uoye) st ‘Surdurep gNg 10y A[peroadso ‘Surseyd J1 uoym W/AN 8°€T

0} PaseaIoul 9q 0 Sey JUIIPLIS Y} ey} PA[edAd DY L-DTI oY) £q SISATeu. Pa[IeIop V "dIMINIS J0JIS[IIE JO Jojour Jad ured A310us paxmbar ayy sem W/AN €7 “VISHL 10§ InoKe| dy1s Judsaxd oy yup
“dI 2y 1e ueyy 10y31y APyIiys are yorym

‘SOBUI| AU} UT SOZIEYD YOUNQ U0 PAseq ST SUIPEO] UIBdE "JSI0 U0 APLI SaYdUNQ dY) Jey) Surunsse “Furpeo] weaq younquynur pue (SOpour [[e) Young-o[urs Jo J3JJ9 oY} SOPN[OUT JUSIPLIS POPEO] SBUI[ UTBW A
*0%,0% 03 07 Aq 9z1s jods [eur) oy}

9SBAIOUL WAISAS SNOOJ [BUL SY} UL SUOELIIAE JESUIUOU “DITD) Ul SOOUBNIWS UTISIP SYJ PIA\ "SUOLOUNJ €1Oq PUE SIOUENIWS A1) WOLY [eNSN SE PIJE[NO[ed e SAZIS Jods d] oy DI'1D) 1deoxs suSIsap [[e 10 ,
“I9PI[[0d pueq X-DI[ 94} 10J PaqLIdSIp Jet) 0}

[BO1UIPI 3q P[NOM WSS JI PuRG-X Y)--UONRIS[AIE JO ASD (0§ SUIUIBWI 3} I0J WIISAS J1 pueq-X Ue Aq POMO[[0] OBUI[ YIBI JO AID (0T ISIY Y} 0] WSISAS JI pueq-D) € 3N JOPI[[0d D-)Tf ASL T oYL,
ore1 uonnadar zyg (g1 yym udisap D IN 2Y) 03 puodsariod uwnjod DIN/X-DIL dyp ul () ur sraquinN .

J[3uIg Jiqnog Jiqnog 9[3uIg UONRINSIUOD [duUn |,
0l SLI (0s¢) z6T | (s61) £¥T 00€ | g€t 00z | opI [MIA]  omod DV oIS [e10 L
Tee T01 43 €€ €€ [wy] yBudy ayis pesodoig
Ts L'g L€ € [uny] pSu] AIRAT[IP weaq [0,
0'8T 0¢ 9'LT 8¢l 6L 'Ll 0¢ 0€ [uny] yr3ud] orul-0M) [BI0
000¥1 TLeL 89LYT T61T1 wwmw 7568 9181¢ 7650 SUON0S JO JoquInN
8t 9578 Y90% \ow %mm 9LTY [ara oS suonsApy Jo Jequinu [e10],
SS/0L/ . . €T
*% ees UQIpRI3 POPLOT/PIpLOTU
0ST/CTLI 0S /59 cle/gp | STE/8TY | s€/se eer [w/AIN] gueipeiS papeoj/papeojun)
81 6 Am.ﬂv (69) L8 S'I1 8'S S'L1 €11 [MIA] weaq/romod wieag
201°0 L9T0 L9T0 098 056 [09s/7] (pSuo ure young
L9'0 bl bl 9L1 LEE [0asu] uoyeaedas young
ST 61 61 9881 0782 as[nd;sayoung Jo JoqunN
g€ 011 011 002 00€ [wr] g1 ye” o
L0/09 T1/T0T | TT/elt | o€/ebT | TT/6IT | Ov/€bT | 8T/T6E | 0S/#SS [wu] ,youtd a10§oq g1 e " o /¥ o
L00/91 | S0'0/01 110/¢€1 110/8 110/¢€1 020/8 0¥0/S1 | 0v0/SI [ww] grye” g/* g
100/890 | 100/0¢C v00/9°€ ¥00/9°€ S100/8 | €00/01 [,01 x per-w] g e pwa * 3k /¥ 3l
7’0 SLO SLO vl [4 [,,01] dI 7e youngysojoned jo JoqunN
001 002 (oz1) 001 | (ozD)0SI 001 v S [zH] sjex uonnadar orury
. . (0°0¢) (0°02) . . . . £ 3

008 012 o'z 'z 0T 'l 08¢ 0'%€ [,.s;.wo . 01] Kisourwmy uSisoq
0¢ v1l FIL/LS LS €1 [zHD] oeul| urew jo Aouanbayy 1y
000€ |  00S 0001 |  00s 0001 00 008 |  00S [APD] AB1oud sseur Jo 10)ua)y

JI'TD LOTIN/X-OIE 2-01r VISHL

sI19joweIRd SUIYORIA JO Alewiuung ;g o[qe],

651



