
The Road to BangaloreThe Road to Bangalore

A Brief Historical Chronology of Linear A Brief Historical Chronology of Linear CollidersColliders up to 2006up to 2006

Presentation byPresentation by

Gregory Gregory LoewLoew, SLAC, SLAC
March 9March 9--12, 200612, 2006



G. A. Loew, SLAC3/9-12/06

Awakening of the Linear Awakening of the Linear CollidersColliders
19601960’’s s –– 19701970’’ss

The 1960The 1960’’s and 1970s and 1970’’s witnessed the proliferation and success of the s witnessed the proliferation and success of the 
leptonlepton--lepton colliding beam storage rings.  Starting with the lepton colliding beam storage rings.  Starting with the 
StanfordStanford--Princeton and the INP ePrinceton and the INP e-- ee-- machines, numerous emachines, numerous e+ + ee--

colliderscolliders followed: ADA, ACO and VEPP1, ADONE, CEA, SPEAR, followed: ADA, ACO and VEPP1, ADONE, CEA, SPEAR, 
DORIS, VEPP2, 3 and 4, PEPDORIS, VEPP2, 3 and 4, PEP--1, PETRA and eventually TRISTAN, 1, PETRA and eventually TRISTAN, 
BEPCBEPC--1 and LEP.1 and LEP.

The success of these eThe success of these e+ + ee-- colliderscolliders also heralded their limits: at some also heralded their limits: at some 
energy exceeding energy exceeding LEPLEP’’ss design, their cost, scaling as Edesign, their cost, scaling as E22, would , would 
become prohibitive, even with superconducting RF.become prohibitive, even with superconducting RF.

Between 1971 and 1978, eBetween 1971 and 1978, e+ + ee-- linear linear colliderscolliders began to be discussed began to be discussed 
at INP, Novosibirsk by G. at INP, Novosibirsk by G. BudkerBudker, and associates A. , and associates A. SkrinskySkrinsky,       ,       
V.BalakinV.Balakin, A. , A. NovokhatskiNovokhatski, V. Smirnov (later of BNS Damping), , V. Smirnov (later of BNS Damping), 
and VLEPP Project was conceived.  and VLEPP Project was conceived.  BudkerBudker died in 1977.died in 1977.
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Awakening of the Linear Awakening of the Linear CollidersColliders
19601960’’s s –– 19701970’’s, cont.s, cont.

U. U. AmaldiAmaldi at CERN presented schemes for very high energy eat CERN presented schemes for very high energy e-- ee--

and and ee++ee-- linear linear colliderscolliders (Phys Letters, 29 March 1976).(Phys Letters, 29 March 1976).

The first international discussion of linear The first international discussion of linear colliderscolliders took place at the took place at the 
ICFA Workshop at ICFA Workshop at FermilabFermilab in October 1978 where Richter, in October 1978 where Richter, 
SkrinskySkrinsky, , TignerTigner, Rees and others wrote seminal paper on LC , Rees and others wrote seminal paper on LC 
scaling laws and critical parameters.*  The realization that LC scaling laws and critical parameters.*  The realization that LC costs costs 
would scale linearly with energy whereas storage rings costs scawould scale linearly with energy whereas storage rings costs scale as le as 
EE22 put the future of put the future of LCLC’’ss on the map.on the map.

In late 1978, B. Richter, realizing a storage ring competing witIn late 1978, B. Richter, realizing a storage ring competing with h 
LEP could not be built on the SLAC campus, came up with the ideaLEP could not be built on the SLAC campus, came up with the idea
of the SLC.of the SLC.

* (J.E. * (J.E. AugustinAugustin, et al, Proceedings, Possibilities and Limitations of Accelerat, et al, Proceedings, Possibilities and Limitations of Accelerators and Detectors, ors and Detectors, 
Batavia 1979, 87Batavia 1979, 87--105. )105. )
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Proceedings of the Workshop on Possibilities and Limitations of Proceedings of the Workshop on Possibilities and Limitations of 
Accelerators and Detectors Held at Fermi National LaboratoryAccelerators and Detectors Held at Fermi National Laboratory

October 15-21, 1978

Limitations on Performance of e+ eLimitations on Performance of e+ e-- Storage Rings and Linear Colliding Storage Rings and Linear Colliding 
Beam Systems at High EnergyBeam Systems at High Energy

J.J.--E. E. AugustinAugustin, N. , N. DikanskiDikanski, , YaYa. . DerbenevDerbenev, J. Rees, B. Richter, A. , J. Rees, B. Richter, A. SkrinskiSkrinski, , 
M. M. TignerTigner, and H. , and H. WiedemannWiedemann
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Burt Richter’s
Lab Notebook

18 Dec. 1978
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1979-1980 Transverse Wakefield Experiments
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StanfordStanford’’s Hope for Heavy Bosons Hope for Heavy Boson
Stanford Pulls Off a Novel AcceleratorStanford Pulls Off a Novel Accelerator

W.K.H. Panofsky
1983

Burton Richter
1981
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B. Richter
AATF Note  79/3

August 1979
SLC CDR
June 1980

SLC as completed
In 1987 with Mark II
First Z - 4/13/1989

SLC with SLD 
and e- Polarization

1991 - 1998
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Innovations Brought About by the Innovations Brought About by the 
SLC and FFTBSLC and FFTB

New New ““50455045”” Klystrons and SLED II RF Pulse CompressionKlystrons and SLED II RF Pulse Compression
New Positron SourceNew Positron Source
Damping Rings and Fast Kickers, Instability CuresDamping Rings and Fast Kickers, Instability Cures
Measurements and Corrections of Measurements and Corrections of WakefieldsWakefields (including ASSET Facility)(including ASSET Facility)
Flat BeamsFlat Beams
Beam Based Alignment and Dispersion Free Steering (Beam Based Alignment and Dispersion Free Steering (RaubenheimerRaubenheimer Ph.D.)Ph.D.)
Modeling Effects of Ground Vibrations on Beam Properties,  MagneModeling Effects of Ground Vibrations on Beam Properties,  Magnet Moverst Movers
ThermoThermo--Mechanical Stability ControlsMechanical Stability Controls
BPMBPM’’ss, Wire Scanners and Laser Wires, Wire Scanners and Laser Wires
Smart Feedback and Smart Feedback and FeedforwardFeedforward SystemsSystems
Combined Function Magnet Combined Function Magnet AchromatsAchromats for Arcsfor Arcs
Innovative Final Focus Systems, including Innovative Final Focus Systems, including MuonMuon Suppression, Collimators, and SC Suppression, Collimators, and SC 
Final Final QuadrupolesQuadrupoles
BeamstrahlungBeamstrahlung and Pinch Observations, Beamand Pinch Observations, Beam--Beam Collision Optimization via Beam Collision Optimization via 
Deflection ScansDeflection Scans
Control of BackgroundsControl of Backgrounds
PulsePulse--toto--Pulse Electron Polarization Pulse Electron Polarization 
Compton Compton PolarimeterPolarimeter and Energy Spectrometer at FFand Energy Spectrometer at FF
High Precision Bend and Focusing MagnetsHigh Precision Bend and Focusing Magnets
RF RF BPMBPM’’ss
LaserLaser--Compton Spot Size (Compton Spot Size (ShintakeShintake) Monitor) Monitor
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Only 3 Neutrinos!
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Anxious Workers
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The Emperor and Empress With Guides
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SLD SLD –– in the Early Daysin the Early Days

When the Emperor and Empress visited,
the people on this picture were not there.
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The Empress Leaving
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1992/8 SLD Run1992/8 SLD Run

Proposed 1986:
Luminosity: 6x1030 cm-2s-1

Z events: >106

Polarization: 40-50%
ΔP/P: 3-5%
ΔALR: 0.005

Achieved 1998:
Luminosity: 4x1030 cm-2s-1

Z events: 0.5x106

Polarization: 72%
ΔP/P: 0.5%
ΔALR: 0.002
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19801980--2000: Toward the Large Linear 2000: Toward the Large Linear 
CollidersColliders

Seminal LC papers with parameter sets explore all potential  Seminal LC papers with parameter sets explore all potential  
technologies including conventional RF , technologies including conventional RF , lasertronlasertron driver, SC driver, SC 
RF, twoRF, two--beam, beam, wakefieldwakefield driver, FEL driver, switched power driver, FEL driver, switched power 
radial driver and othersradial driver and others

Various Various InterlabInterlab Collaborations with Collaborations with MOUMOU’’ss are formed (KEKare formed (KEK--
SLAC, TESLA, SBLC, VLEPP, CLIC, etc.)SLAC, TESLA, SBLC, VLEPP, CLIC, etc.)

In 1987, Burt Richter proposes that a true international In 1987, Burt Richter proposes that a true international 
collaboration on future LC R&D be formedcollaboration on future LC R&D be formed

In response, starting in 1988, regular LC workshops beginIn response, starting in 1988, regular LC workshops begin

In 1994 Dave Burke  prompts In 1994 Dave Burke  prompts InterlaboratoryInterlaboratory LC Council to LC Council to 
create ILCcreate ILC--TRC which produces first TRC Report in December TRC which produces first TRC Report in December 
19951995
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Bob PalmerBob Palmer’’s 1988 Simple LC Parameter Models 1988 Simple LC Parameter Model
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1988 KEK/SLAC LC Workshop1988 KEK/SLAC LC Workshop
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US/Japan Collaboration after Global WarmingUS/Japan Collaboration after Global Warming
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International Linear International Linear ColliderCollider WorkshopsWorkshops

Paris, FranceParis, FranceLCWS04LCWS0420042004

Stanford, USAStanford, USALCWS05LCWS0520052005

SitgesSitges, , 
Barcelona, Barcelona, 
SpainSpain

LCWS99LCWS9919991999

FermilabFermilab
Batavia, IL USABatavia, IL USA

LCWS00LCWS0020002000

MoriokaMorioka--AppiAppi, , 
JapanJapan

LCWS95LCWS9519951995

JejuJeju, Korea, KoreaLCWS02LCWS0220022002

Bangalore, Bangalore, 
IndiaIndia

LCWS06LCWS0620062006

Waikoloa, HIWaikoloa, HILCWS93LCWS9319931993

SaariselkSaariselkää, , 
FinlandFinland

LCWS91LCWS9119911991

LocationLocationWorkshopWorkshopYearYear

Accelerator Physics Particle Physics

KEKKEK11stst ILC WorkshopILC Workshop20042004

SLACSLACLC02LC0220022002

SnowmassSnowmass22ndnd ILC WorkshopILC Workshop20052005

INFN, INFN, FrascatiFrascatiLC99LC9919991999

BINP, BINP, 
ZvenigorodZvenigorod

LC97LC9719971997

KEKKEKLC95LC9519951995

SLACSLACLC93LC9319931993

GarmischGarmischLC92LC9219921992

ProtvinoProtvinoLC91LC9119911991

KEKKEKLC90LC9019901990

SLACSLACLC88LC8819881988

LocationLocationWorkshopWorkshopYearYear



3/04/05 Don Erbschloe's VisitThe Big Scare of LC88 at SLAC (Chen – Telnov – Yokoya)



G. A. Loew, SLAC3/9-12/06

LC92 (Garmisch)
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ILC-TRC 1995
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Gamma-Gamma
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Linear Linear ColliderCollider TestTest FacilitiesFacilities

19661966Various Various 
PrototypesPrototypes

BINPBINPVLEPPVLEPP

19961996SC SC LinacLinacDESYDESYTTFTTF

1996199622--Beam Beam LinacLinacCERNCERNCTFCTF

19961996SS--Band Band LinacLinacDESYDESYSBTFSBTF

19951995
19961996

InjectorInjector
Damping RingDamping Ring

KEKKEKATFATF

19951995XX--Band TestsBand TestsSLACSLAC
ASTA (ASTA (rfrf))
ASSET (wakes)ASSET (wakes)
NLCTA (NLCTA (linaclinac))

19931993Final Focus Final Focus 
Interaction RegionInteraction Region

SLACSLACFFTBFFTB

OPERATIONSOPERATIONS
STARTEDSTARTED

GOALGOALLOCATIONLOCATIONFACILITYFACILITY
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FFTBFFTB
CollaborationCollaboration

BINP (Novosibirsk/BINP (Novosibirsk/ProtvinoProtvino))
DESYDESY
FermilabFermilab
IBMIBM
KawasakiKawasaki
KEKKEK
LAL (LAL (OrsayOrsay))
MPI(Munich)MPI(Munich)
RochesterRochester
SLACSLAC

FFTB beamline at the 
end of the SLAC linac.

Vertical beam size of 60-70 nm …
demagnification needed for any linear collider.
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Zvenigorod (LC97)
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The SLAC/Giorgio Armani The SLAC/Giorgio Armani 
CollaborationCollaboration
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20012001--2006: Globalization of the ILC2006: Globalization of the ILC

Feb. 2001Feb. 2001 ICFA requests Second ILCICFA requests Second ILC--TRC ReportTRC Report
Mar. 2001Mar. 2001 TESLA Design Report is presented in TESLA Design Report is presented in 

HamburgHamburg
June 2001June 2001 NLC Report is submitted to Snowmass 01NLC Report is submitted to Snowmass 01
Feb. 2001Feb. 2001 Second ILCSecond ILC--TRC Report is publishedTRC Report is published
May 27, 2003May 27, 2003 GLC ProjectGLC Project--Report is issued by ACFAReport is issued by ACFA
Jan.Jan.--Aug. 2004Aug. 2004 ITRP is formed in late 2003 under Jonathan ITRP is formed in late 2003 under Jonathan 

DorfanDorfan’’ss ICFA chairmanship and Maury ICFA chairmanship and Maury 
TignerTigner’’ss ILCSC chairmanship. The 12ILCSC chairmanship. The 12--
member ITRP under Barry member ITRP under Barry BarishBarish meets six meets six 
timestimes

Aug. 20, 2004Aug. 20, 2004 ICFA in Beijing receives and accepts the ICFA in Beijing receives and accepts the 
ITRPITRP’’ss final recommendations that SC final recommendations that SC 
technology be selected for the ILC technology be selected for the ILC linacslinacs

Mar. 2006Mar. 2006 Here we are!Here we are!
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7th International
ATF Collaboration 

Meeting
Nikko, March 31 – April 2, 2001



3/04/05 Don Erbschloe's Visit

ILC-TRC 2003
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ILCILC--TRC Methodology and TRC Methodology and 
RecommendationsRecommendations

The  TRC examined about 120 outstanding R&D issues relevant to tThe  TRC examined about 120 outstanding R&D issues relevant to the he 
four machines under review and  ranked its relevant concerns four machines under review and  ranked its relevant concerns 
according to the following criteria: according to the following criteria: 

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

Ranking 2:  Ranking 2:  R&D needed to finalize design choices and ensure R&D needed to finalize design choices and ensure 
reliability of the machinereliability of the machine

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

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

Some of these R&D issues are still with us today.Some of these R&D issues are still with us today.
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Bjorn Bjorn WiikWiik’’ss Final Words at Final Words at 
LCWS 91 (LCWS 91 (SaariselkSaariselkää))

It is clear that a 500It is clear that a 500--GeV, high luminosity GeV, high luminosity ee++ee-- collidercollider has a has a 
unique physics unique physics programmeprogramme and can be justified even if it and can be justified even if it 
starts operation several years after the turn on of the large starts operation several years after the turn on of the large 
hadronhadron colliderscolliders.  This justification is based on present .  This justification is based on present 
knowledge and does not need input from the knowledge and does not need input from the hadronhadron
colliderscolliders..

The complexity and the cost of this The complexity and the cost of this collidercollider makes it unlikely makes it unlikely 
that more than one such facility will be constructed.  An that more than one such facility will be constructed.  An 
interregional collaboration will not only allow us to pool interregional collaboration will not only allow us to pool 
technical and financial resources, but it may also serve as a technical and financial resources, but it may also serve as a 
model for other large scientific or technical enterprises.model for other large scientific or technical enterprises.
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Bjorn Bjorn WiikWiik’’ss Final Words at Final Words at 
LCWS 91 (LCWS 91 (SaariselkSaariselkää), cont.), cont.

Within the high energy community we must discuss how Within the high energy community we must discuss how 
such a linear such a linear collidercollider facility could be organized. Should it facility could be organized. Should it 
only make use of the facilities of an existing laboratory but only make use of the facilities of an existing laboratory but 
be independently organized, or should it be a new be independently organized, or should it be a new 
laboratory?  At some stage these discussions must clearly laboratory?  At some stage these discussions must clearly 
involve the funding agencies.involve the funding agencies.

The final and most difficult question is one of site.  This is The final and most difficult question is one of site.  This is 
clearly a political and financial question clearly a political and financial question ……

To conclude:  the To conclude:  the collidercollider project is not only based on a new project is not only based on a new 
technology granting us a unique physics technology granting us a unique physics programmeprogramme, but if , but if 
may also lead to a new kind of interregional collaboration.  may also lead to a new kind of interregional collaboration.  
This in itself is both a challenge and a goal.This in itself is both a challenge and a goal.


