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Abstract

This article discusses the present state of R&Da post- , . .

LHC very large hadron colliderVLHC). Such amachine Since Snowmass '9&onsiderable additionaR&D has
can bebuilt with today’s technology; the thrust of the been _carneubut atseveralnational Iaboratorle_s, prlmarlly
R&D is to reducethe cost of the machine, throughFerm'lab- In the summer of 1998, a steering committee
development of newideas and utilization of new Was created to coordinate R&D efforts fbe VLHC. The

technologies. R&D issues in thareas of accelerator Directors of Fermilab, Brookhaven,Lawrence Berkeley
physics, magnetsand general acceleratotechnologies, Laboratoryand Cornell's Laboratory ofNuclear Studies
will be reviewed.Finally, the outlookfor future R&D formed the committee,and its membershipcontains

1.2 Developments since Snowmass '96

will be presented. representatives from those institutions.
Under the sponsorship of the committeghree
1 INTRODUCTION workshops have been held, dhe topics of magnets,

accelerator technologieand acceleratgohysics. Some of
o the results from these workshopse presented in the
1.1 Description of the VLHC sections below. The committee anticipatesntinued

During Snowmass'96, theoncept of gost-LHC hadron Sponsorship of these workshops on an annual basis in
collider, with a center-ofmassenergy of100 TeV,and a future years. An annual meetingill also be held to
peak luminosity of 16 cm's?, was explored [1]. Two Summarize progress and plan for the future.
distinct approaches to the problem were studied.
In one approach, which was first investigated in detail at 2 CURRENT R&D ISSUES
a workshop [2] atindiana in 1994, and discussed at the
1995 PAC [3], themachine uses higfiield (>12 T) 2.1 Accelerator Physics
superconducting magnets, and produces considerable
synchrotron radiation. At these fieldand for beam 2.1.1 Lattice design and single particle
energies of greatahan 30 TeV, theradiation damping dynamics
time can be considerablyjess than theluminosity To maximize the simplicity of the magnet system, the
lifetime; this is very beneficial forthe beamdynamics. low-field VLHC designhasadopted acombined function
The majordisadvantage othis approach isthe need to magnet. The high-field VLHC is generally thought of as a
absorb thisradiation at cryogenic temperatures, whicReparatedfunction machine. Nevertheless, a topic for
complicates thedesign of the cryogenic and vacuum further study isthe possibility ofachieving thecorrect
systems. damping partition numbersvithout requiring separated
The crucialR&D issuefor the high-field VLHC is the function magnets, such as in a non-isomagnetic
development of a high-fielthagnet. This magneequires configuration [5].
a practical, low-cost conductor, able to operate at fields inThe major issues in théesign ofthe lattice itself are
the 12 T range, and a robudgsignthat can bebuilt with  the phase advance per cell and the legityth [6]. Thecell
this conductor to the specifications of the collider. length is a keyparameter. Longer celengths increase
The other approachieveloped aFermilab [4] in 1996, reliability and may reduce costs, as the number of
proposes the use of law-field (2 T) superconducting componentsiecreases.However, longer cellengthslead
magnet. The magnet is &double-C” iron-dominated to larger lattice functions, which in turn implylarger
device with a warm vacuum chamberdriven by a beam sizesndhence increased fielduality requirements
superconductingransmission line; its simplicityoffers on the magnets.
the possibility of a very low magnet system cpst unit Detailed considerations onsingle-particle dynamic
energy. The principadisadvantage othis scheme is the aperture,and its relation to magneaperture and field
very largecircumferencaequiredfor a 50 TeV perbeam errors, haveyet to be undertaken. Theranay be an
collider with low field magnets. important role for nonlinear beawynamics experiments
The low-field VLHC has a number of challenging R&Dat existing colliders, such as the Tevateow RHIC. For
issues in theacceleratorphysics area,such asemittance the low-field magnet, beanstability considerations(see
preservationand emittance growth limitation, beam section 2.1.4) may play the most important role in
stability, andabortandbeamloss handling. Thaeed for determining the magnet apertuMew types ofhigh-field
the development oflow cost tunneling technologies, tomagnet designsising new conductors (sesection 2.2)
allow an affordable large-scale ring, is also crucial. may also have very different field errdisan conventional

cosH NbTi magnets.
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2.1.2 Interaction region design will immunize the beam against some forms of long-term

Many of the problems in the interaction regidesign are €mittance grqwth: .

common to  both thehigh-field and low-field VLHC. Although significant, these benefits must tarefuly
However, the design of the final focus quadrupoles may Wgighed against theclear disadvantagethat appear in
different for the two versions of théLHC. The radiation Magnet, cryogenicand vacuum systemsdue to the
damping present in theigh-field VLHC can result in a Substantial synchrotron radiation load. .
beam which is“flat” (small dimension vertical)[7], Partition number ma'n|pula't|on with Rolbmson
whereasthe low-field VLHC will have a conventional Wigglers, a'stand.ard technique in electronmachines,
“round” beam. The final focuslesign forflat beams is Should be investigated for thwLHC. It may allow
less demandingthan for theround beams: aquadrupole Significant enhancement of damping times.

doublet, rather than a triplet, is usuadigequate.For the  Bunchedbeam stochastic cooling schemieave been
same minimum beta, theeak value othe beta function attempted fohadroncolliders, with limitedsuccess [11].

is also usually smaller in flat beawptics, than with AISO under study is optical stochastic cooling [1&hich
round beams. has great potential because ofthe enormousavailable

2.1.3 Emittance control bandwidth.

. . . 2.1.3.3 Emittance growth
Transverse emittance is key parameterfor any high ) . . .
luminosity, high-energy hadron collider. At fixed Emittance growth thadccurs inthe collider results in a

intensity, luminosity is inversely proportional to direct reduction in the luminosity lifetime, whiatan lead

emittance. Any mechanism theauses an increase in thd® POOr integrated luminosity performance.

emittance will reduce theiminosity. Consequentlythere Therr]e aﬁerr]nanyh possiblel ;necharr:ismi f(etxjmittanﬁe
is a great premium on maintaining the design emittance 3roWth. All have the general featurehat theydrive the
2.1.3.1 The injector beam at one ofts resonantfrequencies.Phase space

) L filamentation then results ieffective emittance growth.
The Snowmass '96 designs focused on an inje@®Igy possiblesources of the driving termare power supply

_of 3 TQV. The most _challengmgequwement on the ripple (coupled tothe beam through thelipoles) and
injector is the beam emittance. . ground vibrations (coupled tothe beam through the

Preserving the emittance of the beam has h'StO”Caaldadrupoles).

been a cruciaissue in the luminosityperformance of  Because ofits large circumferencethe beam in the
high-energy collidersThis issue will be as important fory/ HC will have a lower resonant frequency than beams in
the low-field VLHC as it is intoday's hadrorcolliders.  togay’s hadrorcolliders. This is particularly true for the
For the high-field VLHC, the existence of significant |ow-field VLHC. Usually, sources of vibratiorand ripple
radiation dampingshortens the beam’s memory anthaye power spectra that increase asfibguencydecreases

relieves much of the pressure for emittance preservation[13]_ As a result, emittance growth from theseurces
Considerablework has beerdone atFermilab on the |l be more of an issue than in current machines.

design of a 3 TeV injector[8jwhich woulduse thelow-
field magnet technology. This machin@ould be a
demonstration project for that technology, as well
serving as the VLHC injector.

Higher injectionenergiesthan 3 TeV are also being

2.1.4 Multiparticle dynamics

cause othe relatively low beanntensities, collective
effects are not expected to play a limiting role in the high-
field VLHC. The usualcarewill be required tokeep the

examined. Onepossibility is to build thecoliider as a IMmPedance othe machindow, but nospecial problems
fixed-energy (high-field)machine [9]. Thiscould allow &€ anticipated. Radiation damping in the longitudinal
much simpler, smalaperturehigh field magnets,which Plane will result in arather high longitudinal density,
might dramatically reduce their cost. A full energy injectgfonsiderablynigher thanrequired for design luminosity
(low field) would be required. performance.This high density will, in fact, be a

Another variant is to use an 8-10 TeV injector in thBroPlem, resulting - in severe intrabeam scattering.
same tunnel as the collider. A particularigiegant Consequently, it will baecessary tartificially maintain
implementation of thisidea is tocombine thelow-field & réduced longitudinal density.

andhigh-field magnetsnto a singlefour-aperturedevice 1 N€ situation isquite different for the low-field VLHC.

[10]. The lowfield magnet isiron-dominatedwith a 20 With its larger circumference, the machine requires a much
mm aperture; the highield insert has a 40 mraperture. largernumber of bunches than thegh-field machine. In
The combination could have a dynamic range of 150.  addition, the warm vacuurchamber in the combined
2.1.3.2. Radiation damping and beam cooling function magnets constitutes a vdayge resistive wall

- e impedance. Atlow frequenciesthis impedance drives a
The energyandfield parameters othe highfield VLHC  sirong coupled-bunchinstability, with a rise time of a

are specifically chosen to insure that the radiatiamping  fraction of a turn. At the higlirequencies characteristic of
time is afraction of theluminosity lifetime. There are a ipe bunch, despite the decrease ofthe resistive wall

number of benefits to this choice. ; 172 : ot
; L g e impedance asv ', the impedance isstill large enough
Since theinjected beamwill damp tothe equilibrium P P g g

emittance, the luminositgoesnot dependsensitively on that the threshold for the transverse modecoupling
the injected emittance. The quality of the magnfitid at instability can beapproachedvith intensities gew times

injection may bereduced,since some level oémittance Iarglerr] tha?] nomki_nal. e ith hamb
growth can be tolerated. lollision, radiation damping = Although making thediameter ofthe vacuumchamber
larger can reduce the resistive wallimpedance, this



increasesthe cost and complexity of. the magnets. T, 4.2K, with a filamentdiameter<20 um. Currently
Consequently, other remedies for gtability problem ae o 5ijable material has a critical current density in 956-

under investigation. Adistributed dampingsystem has 1109 a/mnf range, with areffectivefilament diameter of
been proposed tsolve thecoupledbunch problem [14]. 7-14pm

The long-wavelength collectivenotion is sampled at

severalpoints aroundthe ring, and feedback ispplied to  Rapid-quench NJAl has less strain sensitivitghan
damp the motion. Nb;Sn, with comparable current densitperformance.

The transversanode coupling instability is amore However, the rapid-quench method has yet taléxeloped
difficult problem. Schemes toraise the instability —INto @ viable industrial process. Mb is being considered
threshold using radio-frequency quadrupolesimilar to @S the conductor for the low-field transmission line
BNS damping),and asymmetric vacuum chambers, arénagnet [19]; this conductor would allow a higher

under consideration [15]. operating temperature than NbTi.
The high temperature superconductBESCO-2223 is
2.2 Magnet System the only form of HTS commerciallyavailable in large

guantities at this time. Thimaterial ismade inthe form

This is the most importanacceleratorsystem for the of oxide-powder-in-tubgapes. Small samplesan have
VLHC. For the high field variant, the principal issues P pes. P

ar " )
obtaining a low-cossuperconduciothat can carry zhigh guperconductor current densities (gt\/cm) in excess of

current density, at as high a temperature as possible, wifif® A/mnf at 10 T, 4.. Long (400 m) tapezhave an

requirementsand designing a magnet whictan sustain Materials, being basically ceramics, dot have agreat
the large electromagnetic forces. deal ofstresstolerance; inthis regard,they aresimilar to

; . the A15 compounds.
, 2.2.1 F,Ield quallty , Another high temperature superconductor, BSCCO-
The question of the required harmonic purity of the VLHG 515~ hagheenfabricated inthe form of round multi-
magnets is arucial ingredient for any magnet designgamentary strands. Cablesadefrom this materialhave

Contrary to expectations prior to tI“@SC_, both the operated above 600 A/nfrat 10 T,4°K. As is typical of
prototypeSSC magnetsandthe full production magnets e high temperature superconductors, there ligle
madefor RHIC, show that, withcurrent manufacturing degradation with fields up to at least 30 T.

processes, systemattrors dominate over random €rrors. Tha most promising (but least developed) of thpper-

Mature design techniques, improvedoling, excellent ; - } ; :
cable and coil size control, better measurentettiniques, oxide superconductors is YBCO-123. Thin (149) films

and a flexible, experimental approach mean that eady ©f this material, up to 1 m in lengthave beemade in
prototypescannow bemadewith the desired(geometric) the form of a coppersuperconductorand buffer layer
field errors. This applies to both hidteld andlow field sandwich. In this form, superconductor current densities of
magnets. Systematic persisterurrent errors, and 10,000 A/mm have been observed at 20 TK4
saturation effectswill thus be the principasources of ~ The processes by whiclthe buffer layer and the
error fields. superconductor are deposited ottte copperare complex,

In this event, relatively simple analytic estimates [1yPically requiring the use of ion beams. Groups at
of the tune shiftscaused bysystematicerrors carprovide ORNL, LANL, and BNL are working to simplify these
someguidancefor magnet designers. A kegsue is the Processes. The most challenging tasgpears to be

magnitude of the tunehift that the beantan tolerate deposition of thebuffer layer, which isneeded toobtain
[17]. the alignment of the YBCO crystalequired for high

222 Conductor current density.
The conductors that are beistudiedfor use inhigh-field 2.2.3 Magnet design and prototyping
VLHC magnets are of twgeneralclasses. The firstlass There arefour major high-field magneR&D programs
is A15-compound low temperature superconductorsdnderway.BNL, LBL, and Texas A&M (TAMU) are
Nb,Sn and NRAIl. These conductors would loperated at focusmg on block d¢S|gns; Fermllap is studying a
4.5K. The secondclass includescopper-oxidehigh conventional co$ design. The Fermilab, LBL, and
temperature superconducto(BiTS), such as BSCCO- TAMU programsare concentrating on NySn conductor.
2212, BSCCO0-2223,and YBCO-123 [18]; these BNL is looking at BSCCO and YBCO.
conductors could be operated from*6.50 20-30K, with 2 2 3.1 Fermilab program: High field magnets
some reduction in critical current at the higher

Fermilab’s goal is a magnet in the 11 T range. In
temperatures.

Although N&SN has a high critical fieldhis material collaboration with KEK and LBL, they are designing a 50-

has several disadvantageSmall filament diameters and ™" bore,. N@Sn. two-shell  co$- dipole [20].'Th|s
high current density are difficult to achieve simultaneousBPproach is motivated by recent progress in;Sxb
in Nb,Sn, since high-density filamentgend to grow conductor performancegnd utilizes the well-understood
togetherafter reaction. NgSn is also much less straincos® technology developed for the SSC and LHC.
tolerant than NbTi. _ Facilities to react and study MNn are being installed at
Target specifications forconductor which would be Fermilab. Component tests will bdone in a 15 T

useful in high-field VLHC magnets correspond to a solenoid, at %. The first prototype magnet is expected in
critical current density ofbout 2000-300@\/mm? at 12



the summer of 2000. The program will also studyMb
and common-coil block designs.

2.2.3.2 LBL program

High-field magnet developmentjsing NQRSn, hasbeen
ongoing at LBL for many years. Theost recent success
has beenthe 13 T D20 dipole [21]. Thesonductor
performedwell in this magnet: an assemtlgw limited
the magnetperformance.The success othis magnet
shows that brittle materialsan be used in high-field
magnets.

LBL's future plans for high-field dipoles are
concentrated omommon-coil [22] block magnedesigns
using NRSn. Suchdesigns have a number aftractive
features. Theyare simple, robust, and compact; the
Lorentz forces are easier to contain than for aBcalipole.

They use flatracetrackcoils, which are quite easy to
fabricate. The geometry is veryriendly to brittle

materials, such as iBn or the copper oxides. Tldesign
can be fully modular, with modules independently
preloaded. Irthe developmentphase, themodular design
allows different conductors to be testedtlire inner high-
field regions. Because othe simplicity of thedesign,
tooling and labor coststend to be moderateand a
relatively low-cost magnet may be expected.

A 1-m long prototype NiSn dipole ofthis form has
beenbuilt, using ITERconductor [23]. Itreached 6 T
(short sample) with no traininggubsequent magnetsll
useimproved conductonwith an ultimatefield target of
15 T.
2.2.3.3 BNL program

BNL is also focusing their R&Defforts on amodular

should fully suppress the saturatioguadrupole and
sextupole fields. Proposdthnsmission line magnets for
the 3 TeV injector us&SC cable [28]. Along prototype
magnet and string is planned for this year or the next.

A cold iron, low field magnet is beingconsidered at
JINR. It is a 2.2 T, 1-turndual bore combined function
magnet, with a 34 kAdrive current, having awindow
frame conductor arrangemerithe cold bore has aeam
screen capable ofiandling up to1.5 W/m. JINR is
planning to make a prototype.

2.2.4 Magnet cost issues

For the VLHC magnet system to be affordable, it must be
much morecost-effectivethan those of past ocurrent
large hadron colliders. A systematic attack orthis
problem starts with an analysis of the cdsversand the
costtradeoffs inthe scalable parameters: conductor, bore,
field, length, etc.

For previoussuperconductingmagnet systemslabor
has been the major part of the cdstlowed by the cost
of the conductor. Acost analysis [29] forintermediate
field (3-10 T) magnets has beearried out, based on
RHIC dipole costs. Thalipole costshave beerscaled to
18 m dipoleswith a single 40 mmaperture, appropriate
for the VLHC. This scaling gives dipole cost of
$1400/T-m.

High-field VLHC magnetswould needfields above 10
T, where either an Al5compound or a coppeoxide
material would be used. These materiale currently
considerablymore expensive thatNbTi. For example,
Nb,Sn conductor now costs about $10/kA-m at 12 T, vs.
$1/kA-m at 5 T forNbTi. Copperoxide superconductors
are even more expensiveCosts of YBCO cannot be

common-coil block dipole [24]. They plan to use th@stimated, as no material is commercially availase

magnet as a test vehicle for BSCCO at 28k30and
eventually YBCO. It will be a 1m long, 4-cm bongbrid
magnet, with NbTibackground fieldcoils and HTS (or
Nb,Sn) inserts. The goals of the prograre to gain
experiencewith HTS tapeconductorsand the common-
coil design, and to develop techniquedor magnetic

For BSCCO materials at’t and zero field, the costs
range from about $50/kA-m (2212) to close to $1000/kA-
m (2223).

Because ofits simplicity and advancedstate of
development, a relatively reliable cost estimatn be
made for the Fermilab low-field transmission-line magnets

measurements, quench protection, splices, and joints. T[yg]_ Two-thirds ofthe cost is in the iron yoke. In

will lead eventually to an all HTS magnet.
2.2.3.4 TAMU program

The highfield magnet program at TAMU [25] ifocused
on a 16 T dipole, which will use NBn. Thedipole has a
scaleable-aperture segmentédbck coil design (with
apertures from 1-5 cm) and emphasizes stmemsagement
techniques. Laminar inconspringsare used tantercept
stress, preventing it from beirgpplied tothe conductor.
Shearrelease is accomplishatirough the use ofmica
sheets, which preventtick/slip friction at thecoil-rib
interface.

2.2.3.5 Low field magnets

Fermilab’'s development of the combined function
transmission-line dipole for thiew-field VLHC is much

FY97$, the total costfor a 13 m magnet is about
$14,000. At 2 T, this corresponds to $540/T-m.

2.3 Accelerator Technologies

A general survey ofhe challenging issues in thH@oad
range of technologies needed tbe VLHC were reviewed
in a recentworkshop [31]. The workshopovered the
topics of instrumentation, alignment,cryogenics,
vacuum, rf and feedback.

The cost vs.operating temperatur&adeoffs for the
high-field VLHC cryogenicsystemswere studiedfor the
Snowmass '96 workshop [32]. For the Idield VLHC
transmission-line magnet, which uses NbTi conductor, the
low current densityand low field allow operation at

further advancedhan thehigh-field magnets. A short (1 temperatures above’. A higher operatingemperature
m) prototype has been built and tested wittirige current (6.5-7.5K) results in a much simpler cryogenic system.
of 43 kA [26]. The latestlesignhas a 20 mm gap, NbTi Both the high field and low field VLHC have
conductor with a drive current of #8A, a peak field of 2 challenging vacuum systems [33]. Tlaege synchrotron
T, and agood fieldregion of 18 mm at 1) Crenellated radiation load inthe high field requires abeam screen
laminations(materialmissing in every 10th lamination) intercept operating in the 10-20 region. The screen
will be used toget to 2 T without saturation [27]. Thismust beintegratedwith a cryosorber, whichpumps the



desorbedjaseseleased bythe synchrotron radiation. The
warm-borevacuum system for the lowield machine is [7]S. Pegget. al, “Flat Beams in a 50 TeV Hadron CollidePAC-
much like that of alow-energy electronmachine. A 97 95 (Vancouver, 1997)

distributed pumping system, using arantechamber, [8] C. S. Mishra, “Lattice Design of the 3 TeV Lokield Injector for

together withfrequent localizedumped pumps, will be the VLHC', PAC-99,paper TUP39 (New York, 1999)
required [9] G. Dugan, M. Syphers, “50 TeV High-field VLH@ith a Low-

field Full Energy InjectorPAC-99,paper THA9 (New York, 1999)

2.4 Civil construction [10] R. Gupta, Field Quality in a Common Coil Design Magnet
' System”,PAC-99,paper THP120 (New York, 1999)

Both variants of the VLHCwould benefit from the [11] R. Pasquinelli,"Bunched Beam Cooling for the Fermilab

minimum possible tunnel costs, but this garticularly ~Tevatron”,PAC-95 2379 (Dallas, 1995)

important for the low-field VLHC. Considerable work wasﬁg "é' E‘;‘i‘(’;‘l’g\‘j‘ét Aélzﬁg';”ﬁzhl\%z'ﬁ?:"m 225‘:;r§2ﬁzs(%2?4germ“ab

dong Onah'st éOp'C.lalt) SFnovtvmasls [348nd ftléd'e.rséga\’? Future Collider Projects’PAC-99 paper TUA133 (New York, 1999)

continued at ermiiab. -or u.nnesexca.wae \present- 14] J. Marriner, “Transverselnstabiliies and Dampers for the

day_ teChnO|Ogy tunnel borlng_ maChm_eS (TBM)* th LHC", in Accelerator Physics Issuder Future Hadron Colliders,

minimum cost tunnel has lzore diameter inthe range of  jini-symposium at 1998 APS Meeting (Columbus, OH, 1998)

8-10 ft. ] . ] [15] V. Danilov, et. al, “Beam Instabilities invVery Large Hadron
The overallSSC main tunnel costaere estimated in Colliders”, PAC-99 paper FRBR5 (New York, 1999)

1991 at about $5500/m. Recently, a cost estimate [35§] S. Peggs, F. DellTolerable Systematic Errors in Realljzarge

- - Hadron Colliders”,1997 DPF/DPB Summer Study dlew Directions
gave$4000/m for a TBM-style tunnel for a BeV low ( _
field injector to the VLHC,sited atFermilab. This cost for High Energy Physics329 (Snowmass, 1996)

may be reducedwith continued R&D and tunneling 171 Hariscret. 2. Sustanable Tuneis g cotsrs 1 e
teChnO|Ogy improvements in the future. [18] P. Lee, D. Larbalestier, “Prospects for UseHdfS in High Field
Accelerator Magnets'PAC-99,paper TUBR4 (New York, 1999)

3 CONCLUSION AND OUTLOOK [19] E. Barziet. al, “NbsAl Conductor Development for theow-
Field VLHC Magnet”,PAC-99,paper THP155 (New York, 1999)

A post-LHC verylarge hadroncollider, with a center-of-
P ylarg [20] T. Arcanet. al, “Conceptual Design of the Fermilab j$im High

; : 4 1ol

mass energy of 100 TeV anduminosity of 16" cm’s”, =i/t fohucion o ga baner TUBR3 (New York, 1999)

can be built with tOdayS teChn0|Ogy' butwould be [21] A. McInturff et. al, “Operational CharacteristicsParameters,
unaﬁordajble; . and History of a 13 T NfSn Dipole”, PAC-99, paper THP118(New

The principal thrust of the R&D is teeducethe cost. york, 1999)

The R&D on magnet systems, which is the most criticgh2] R. Gupta, “A Common Coil Design for High Field 2-in-1
has receivedthe most attention tadate. The low-field Accelerator Magnets"PAC-97 3344, (Vancouver, 1997)
VLHC uses a simple low-cost magnet. In the neederal [23] K. Chow et. al, “Fabrication and TesResults of a Prototype,
years, one may hope thatgaod low-cost candidatealso Nb;Sn Superconducting Dipole MagnePAC-99,paper TUBR2(New
emerges forthe high-field VLHC magnet. Duringthis  York, 1999) ) , S
same period, many of the othissuesmentioned above, [2_4] A. K. Ghoshet. al", _A Common-coil Magnetfor Testing High
related tothe acceleratophysics and the technologies of Feld Superconductors’, IRAC-99 paper THP117 (New York, 19999)
. . . [25] C. Battleet. al, “Block-coil Dipole for Future Hadron Colliders”,
the a_ccele_ratpr systems, \_NlII receive more detailed study, AC-99,paper THA14qNew York, 1999)

W'_th this '_nformatlon mh_and* a Sour_]dmd affordable [26] G. W. Fostert. al, “Design and Operation of an Experimental
baseline designand a detaileccost estimatecould be ‘poyple-c’ Transmission-line MagnetPAC-95 3392 (Dallas, 1995)
undertaken. Ifthis can be completed byhe time that [27] G. w. Fosteet. al, “Measurements of a Crenellated IrBoleTip
physics results from the LHC begin b@come available, for the VLHC Transmission Line MagnetRPAC-99, paper THP154
the high-energy physiccommunity would then be in a (New York, 1999)
position todecide ifandwhen it makes sense t&mbark [28] G. W. Fosteret. al, “Tests of a Rutherford-Cable-in-Conduit
on this project. Transmission Line Magnet Conductor Based on Leftc88€Cable”,

PAC-99,paper TUBRENew York, 1999)
[29] E. Willen, “Superconducting Magnets”, ifadron Colliders at the
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