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Last.  Ju ly ,  I receivcd an  invitat.ion from t h e  
orgaiiixc,rs t.o dr l iv r r  t lie t ,rrniinal paper a t  t h i s  
Corif(w*ncc. This is not. the first t,ixiic’ I have been 
asked tm R i w  t,hr la.st tla.lk and to ittldrt!sR the issue of 
Ixit~rrnatiorial Collaboration. If nitmiory serves me. 1 
did’ t.his at. St.ilnford in 1974 ant1 i n  Chicago2 in  
1977. I a.ssiiiiirt1 fhat, the rcsiilts of my last efforts 
wcrr not  tcwninal, 1 1 ~ t  tha t  it  did take about ten 
years to forget. Littlc did I realize when I accepted 
the invitation t,ha.t a topic as close to motherhood as 
is international collaboration woiild become such a hot. 
potato. Actually, the talk in 1977 was entitled VBA 
arid discussed the  formation of the In te rna t iona l  
(:oriiiiiit,t,re’ on Future Accelerators (ICFA). This was 
a roxniuitic idea to begin the planning for ,  a World 
L:i.horat.ory wh ich  wou ld  house t h e  V e r y  B ig  
Accelerator, a machine by definition so expensive that 
no sinale nation or region could afford it. 

In xriy 1977 paper,  I designed the VBA as a.n 
a.ccclcrat.or complex t h a t  would have 40 TeV pp 
collisioiis (!!!)9 have a 20 TeV fixcd-t,arget facility and 
providv 201) GeV e e- collisions via a rircular machine 
ronrcxit,ric with the pp machine. I proposed using 
hla.nhat,t.iin Island as the site in  order to avoid site 
sc.arc1ic.s and because New York Cit.y was about to go 
into fiscal default and therefore make available a 
vacated island complete with tunnels, a high rise and 
1” coxnplm. 

+ 

With a l l  this excessive prescience, what happened 
t o  ICFA and the  World Labora tory?  The  shor t  
answrr is that. ICFA was in fact formally organized in 
1976 wit,h membership drawn from US (3) ,  Western 
Eiirope (3), USSR (3), .Japan ( l ) ,  and Dubna member 
at.;,.tPs ( 1 ) .  It ha.d two rninsions: (1) tm provide good 
romxiiuiiications, sponsor workshops. assure open access 
to fa.rilities and reduce duplication. (2) 0rga.nize the 
World Laboratory to build VDA. 

I C F A  d id  s p o n s o r  a r c so lu t ion  which  was  
supported by all t he  existing laboratories (and by 
irnplicathn, the sponsoring agencies) to the effect that 
critmia for acceptance of proposals should be based 
OIlly on scientific merit and ahilit,y of the proposers to 
carry out the research. It, is doubtful whether this 
has any legal standing and, to my knowledge, no 
rejrrt,cd experimental team lias yet appealed to IUPAP 
to overrule the Director. 

ICFA did sponsor tliree technical workshops, in 
1978, 1979 and 1981. These were excellent meetings 
and in fact  were inflrirntial in the eventual proposals 
for L E P ,  SLC a n d  t h e  SSC.  I t  is surcily an 
oversiiIiplificat,ion to say t h a t  not too  much was 
accomplished outsiclr of tliesc activit,ies. The rolr of 
fiiirly intimatee rommiiniration was certainly useful but 
for a vs.riet,y of sociopolitical reasons, the definition of 
VDA kvpt. changing and rc,gion after region took turns 
iri prcvrnt,ing any substaiitive advanccs towards the 
World Lalwrahry idea for fcar of clelaying their own 
plans. 

In 1983, the 8th inceting of  I(‘FA t , o o k  place at 
Fcwnilab shortly aft*c>r t,he annoiinc(mpxit, of I1 EI’A 1”s 
rc.coxrimendation tihat the U.S. build t,hc SSC. ‘I‘hc 
rrirrtiiig was unusually t.cnse with bot81i the Europraiis 
aiid .Japanese delegates cla.ixning tha t ,  t.lie 1T.P. had 
finally and completely preeInpt.4 the VI?A ronce1)t.. 

It, was then decided to hold a series of workshops 
aimed at the future of ICFA. The first, of tliosr W i l s  
held in Tokyo in 1984. In the language rerriinisrc-lit 
of State Department pronouncements, full and f r m k  
discussions took place. It wax uiy prrsonitl iuiprrssioti 
t h a t  some CERN-based Europeans at.t.arkec1 S S C  
hecanse it provided a threat, to t h e  f i i turc of C E R N ,  
some Japanese attacked SSC 1w-a.usc. of  their idcdist ic. 
belief in VBA and thc Sovidc hrltf coats. I n  any 
case, there were two conclusions: 

( I )  ICFA shou ld  fac i l i t , a t , r  roiistri ict . ion o f  
accelerators i.e. promote intmnational collaboration in  
construction and use of new facititics. 

(2) ICFA would convenr panels o n  accclrrator 
technology and seminars for review of progrrss i n  this 
field. 

The Economic Summit 

In 1983, in a meeting largely ignored lby high 
energy physicists and  arce le ra tor  sc ien t i s t s .  t lies 
Presidents and Prime Ministers of thr sw(m iiidiisI r ia l  
countries met in Paris in what was t,o lwcoiiit. an 
annual event. People of the  ca.librc1 of Tha t rhc r ,  
R.eagan, Mitterand, etc. discussed, among other t.liirigs, 
of course, scient,ific and technological collabtrrat ion. 
For. exa.mpla: 

“Fundamental Scientifir R.esrarch is oiic soiircc of 
technological progress in industry and shocild hr giwii 
support by governments.” 

Also: “Science and Technology are  a soiirrc- o f  
nat,ional and internat,ional strength arid ran Ibrovidv 
immense opportunity, for neut.ralization arid growth o f  
the world economy.” 

T h e  Heads of Sta t e  resolved t o  cont.iriiie t o  
include detailed agenda. of collaboration a t  firtiirc 
meetings. 

And ... high energy physics was spvrifically 
included as an  appropriate subject for colla.l)orat.ioii. 
In siibsequent negotiations the U.S. was assignrtl t.hc 
lead role in t h c  Working Group on HEP.  Thv 
Chairman was the  Assistant Secretary for Eric-rgy 
Research of thc DOE. Dr. A. Trivelpirce. Thr first 
working group meeting on HEP took place in Urrissc4s 
in July of 1984. The entities represented werr: trS. 
Can ada., European C o m m  u n i t  y , F r a.n c e,  F c * d o  r ii I 
Republic of  Germany, It,aly, Japan and t,Iie Ir.K. 
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l!‘lia.t, was interesting here wa.s that whereas ICFA 
was a grass roots movement t40 discuss collaboration 
ant1 srrvvd t,o (in priiiciplc) pressure governments, the 
Surritriit wits  a s u m m o n s  f r o m  on-h igh  for  t h e  
srientist,~ to discuss collaboration so as to decrease the 
cask of c!xprnsive research by minimizing competition. 

Tlic nriissels Working Group meeting came a t  a 
drarriat,ic t.ime, when 1J.S. scient,ists in a summer  
workshop in Snowmass, were whipping rip enthusiasm 
for t.hr S S C .  

A long evening discussion in Snowmass led to  a 
fairly s t rong  consensus t h a t  t h e  U.S. should  d o  
everything it. can to secure collaboration on S S C  from 
,Japa.ii, Canada, Mexico etc. as well as from Europe. 
This coiisensiis was obt,ained in spite of the possible 
negotiating delays that .woiild cnsue from attempting 
to intmnationalixe the S S C .  

The warning from our leaders came in the London 
Surnmit of 1985: 

‘‘Effective cost, sha r ing  is ’ becoming a more  
important, element in the constmiction of major new 
facilities. Collaborative projccts would benefit if 
coherent long-term plans for t he  construction and  
sharing of facilities were to be developed.” 

We arc t.hus effectively ea.utioned that we need a 
world plan. The issue facing the HEP community is: 
Can we in fact agree on a plan tha t  provides for a 
viablc fiitiirr for all the major players while coming, 
ultirriatcly. to realize the  dream of the early ICFA 
visionaries: a world laboratory? 

Table I reviews the world inventory of facilities 
t,hat, arc schrdiiled to  operate in 1987-1993 interval. 
This is the “base” from which to examine the world 
future. We scc a very powerful base indeed but with 
perhaps too much emphasis on the energy domain of 
100 GeV a n d  on ly  modes t  excur s ions  beyond .  
(TEVATRON and LEP 11). 

Wc now note t h t ,  the 1J.S. has under very artivc 
consideration the SSC, approved by President Reagan 
in January,  1987 and now being considered by the  
1T.S. Congress. The SSC has had the benefit of over 
three years of R&D a t  about $25 million/year and a 
very extensive design and cost estimate as well as 
many thousands of pages of workshop repor t s  on 
physics potential and detector design. 

Thc  SSC, described in M. Tigner’s t a lk  in this 
Conference, is a 40 TeV proton-proton co l l ider ,  
c!stiiIiated to cost about $4 billion (1988) and to  be 
ready in 1996. 

In Europr, the SS(: has stimiilated a much more 
active survey of Eiiropoaii options for the 1990’s. It, 
was quickly rvcallecl t,hat, in the! discussions before 
approval of LEP, the possihility of  using the  LEP 
t,uniicl ( 2 7  k m )  for h a d r o n s  h a d  a l r e a d y  been  
ant,icipatcd. This possibility was given a name: Large 
Hadron Col1idt.r (LHC) and the CERN establishment 
began t,licir own studies of cost, feasibility and physics 
potcrit,ial. Morr formally, a committee under Carlo 
R.l!l)ia was convened to study LHC as well as a n  
e c linear collider, with acronym CLIC, to operate 
near 1 TrV of CM energy. 

LHC is a l s o  a pp  collider, t h e  rn r rgy  being 
cons t r a ined  by t h e  t u n n e l  a n d  c u r r e n t  magrict, 
trchnology. The total CM energy is hetwrrn 10 and 
16 TeV, depending on assumptions as to the state of 
magne t  technology.  G .  B r i a n t i ’ s  t a l k  in t h i s  
Conference gives more det,ails on the European plans. 

A recent interim report  by Chai rman Rubbia  
suggested that if SSC goes ahead, CLIC would bc* a 
likely alternative, whereas if SSC is delayed, LHC has 
a viable physics opportunity and is ‘‘cost t~l’fwtivr” 
because of the existence of the LEP tunnel. 

The world HEP community now faces a iiniqiic 
and delicate challenge. Very few scientists (hiit iiot 
zero) believe tha t  both SSC & LHC make s m s e .  
Even  fewer  f u n d i n g  of f ic ia l s  wou ld  be o v e r l y  
enthusiastic. Since LHC is considerahly behind S S C  
in both technical design and in thc political process, it 
is unlikely (but not impossible) to have such a facility 
ready before 1996. This is especial9 true when 
one takes into account the  four large e e- colliding 
beam detectors that  over 1000 physicists are building 
to be ready in late 1989. 

The major arguments of each side (insofar as a 
highly biased observer can state them objectively) go 
somewhat as follows: 

US HEP: SSC is a fantastic scientific tool. It is 
designnd to address the most crucial prohleiiis facing 
HEP, problems that seem to go to the heart of our 
ignorance of the structure of fundamental particles. In 
any case theory asserts that new physics must show 
up in the 40 TeV collisions. SSC, after thrce ycars 
of hard work is on the verge of approval and deserrcw 
the  support of our European colleagues - even the  
commitment ,  however hedged ,  t o  c o l l a b o r a t r  in 
construction of the machine and its detectorrr aftvr  
LEP I1 and HERA are operational. Europe can then, 
with U.S. help, launch into the post-SSC machine, 
presumably a linear collider in the  w 5-10 TeV CM 
range. An alternative,  post-SSC machine is one 
proposed by A. Zichichi callrd ELOISATRON. It is 
sompthing like a 100 TeV pp rollider. 

European HEP: SSC is too big a step. It is not 
cost effective. The  U.S. should help Europr  hiiild 
LHC which-could, with U.S. help, appear in 1994 or 
so and begin to address the problems of the 1 TrV 
mass scale. The next step would be a linear collider 
in the U.S., based upon the pioneering work of SLAC’. 
Or, alternatively, the U.S., with Europe’s help. wouIJ 
build a Super S S C  say 60 TrV x 60 TeV starting .ray 
in 1993-1995. LHC would, incidentally, also providr 
e-p collisions well beyond the HERA reach. 

Soviet HEP: HaM B c e  paBHo,  TO Henam 3 T U  
KanmanncTmecKne s ~ c n n y a ~ a ~ o p u .  

The 1J.S. rrsponse is: LHC may not solve tlir 
IIiggs Problem. Certainly LHC is a powerful machine 
t o  a d v a n c e  P h y s i c s  w e l l  b e y o n d  LEI‘ a n d  
TEVATRON. However, the scientific and engirirc*ririg 
man-years of investment in multi-TeV miarhirir 
with its array of detectors is  enormous and almost 
independent of the energy. The U.S. proponrnts then 
argue, why not insist that this effort will Lr t o  
address these profound issues such as thc origin of 
mass or the mrchanisms for symmetry brmkirig that, 
have all been swept under t h e  Higgs rug  of o i i r  
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ignorancr? Furthrrmore, if t,he 1!.S. is t,o look to  
L H C  for a‘ significant, piirt of its scicntific future, we 
must. recognize that L C is constrained by a tunnel 
f i l l r r l  with 4 major eye- detectors which will only 
Iirgin to take data in late 1989. Oiice SSC is halted, 
the momrnt,um to pick lip again will be difficult to 
find. 

Crucial to this debate is the iinrrrtainty in both 
regions ahoiit the feasibility of a linrar collider without 
first, constructing a prototype of’ rnodest energy - say 
2-300 GeV. TJntil t h e  SLC has several years of 
experience, even this machine is difficult to cost or 
dwign. If SSC is the ”last machine.” then Europe’s 
fiitiirr in HEF is shaky aftc.r SSC. 

Some change in this “t~erhnological pessimism” wi~s 
gr  n r r a. t. e d h y t, h e ex p 1 os i v (: d ev e 1 o p m e n t of h igh  
t,cmprrature superconductors bu t  it is too rarly to  
jiidgr how this will ultimately influence the Gordiztn 
Knot. facing our world comnii~nit~y. 

I would like to conclude with the Question: Is the 
vision of t,he VBA in a world laboratory hopclrss? 
What4 arr the imperatives for such a project? 

The continued viability of regional laboratories is 
an rssential condition a.lthough these need not he 
front,irr machines, especially if we ever get t o  the  
world laboratory phasc-. In fact., in t,he optimistic 
virw we all sharr,  an illcreasing nuxnher of nations 
will create accelera.to+- b_nsrd infrastrurtures. Examples 
are PRC with the e e collider nearing completion in 
Beijing, Brazil with ambitious plans for a synchrotron 
light source. India, Taiwan, Mexico, Korea, Argentina 
and Israel are countries with respectable nuclear 
accelerators, synchrotron light sources or advanced 
plans. In tho time scale of VBA, all of these nations 
arc likely to join TJS, Western Europe, Japan, Canada 
and the Eastern Blor in the grand adventure of a 
world lahoratory. 

As arwlcrators and accelerator-derived technology 
rontiricics to prrcolatr into industry, medicine and as 
grncral rrsca.rrh tmnls, more and more na.tions will 
d ~ v e l o p  c!xpert.s and the infrastriicturc. base from which 
onr ca.n draw resources towards the world laboratory. 
This  labora tory ,  dom’iiiated by VDA, could well 
a s ~ i i ~ ~ i c  other functions contiguous to its main mission, 
including development of accelerator science, fusion 
resra.rch, research in arms control tvchnology i.e. topics 
suit,able for a world trclinology and scicntific center. 

What, kind of machine and what parameters woiiltl 
h relevant to VBA? Clearly wc have bee11 too 
niodest in the past. Also, we have no theoretical 
guide beyond the  1 TeV inass scale except for t h v  
necessarily vague statenient that if a Higgs-like o L j w t  
shows up near 1 TeV, it may lw the tcmt under thc 
camel’s nose. Tha t  is, there may mist  a “Higgs 
sector” analogous to the pion sector. Arguing froui 
analogy this would indiratc t ha t  one would want  
anothrr fitrtor of 10 iii the CM. Lrt’s round i t  to 
1000 T e V .  S u c h  a m a c h i n c  w a s  c les ignr r l  
pedagogically by J .  D. Bjorken about five years ago. 
A mere 500 TeV against 500 TeV. Whereas t.he 
technology of high gmdient lasers may well be t h r  
technology of choice by the  s t a r t  o f  construction 
(ZOOl!) thc frenzy of high Tc supercoxiduct,ors inakcs it- 
tempting to extrapolatr this tnrhnology and see how a. 
circtikr machine might appear. It roultf h a w  50T 
magnets and a circumference of 120 krii. I!sing tht. 
same magnets, the - 20 TeV injrctor would havr a 
radius of a mere 1 km. Lest this rriarhinc may 
appear to be “too easy” for accelerator dcsigncrs, a 
l i t t l e  thought  will reveal problems of exquisite 
complexity everywhere one looks! 

If the linear costs are scaled from SS(:, i .v .  if t,iic: 
cost per meter for 50T is the sa.xne as for 6T, (.he 
cost would be about 2x the SSC, say 88 billiort i n  
1988 dollars. This cost rule is almost a dcfinit,ion of 
a successful R&D program. Add $2 billion for t,he 
international coxnplexities and we have an afforttatilr 
machine, shared between all thr nations on some (:N P 
type of formula. 

This is obviously a project worthy of closing t h r  
twentieth century! I hope it is a vision worthy o f  
closing this accelerator conference. 
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Table I 

ACCELER.ATOR. INVENTORY 

I. 

It. 

111. 

IV. 

“Old Timer” Mwhincs (But still operating for good physics) 

KEK, Japan 
AGS, Brookhavcn 

SpS, CERN 
CESB, Cornell 
PEP, Stanford 
VEPP IV, USSR 

Drand New or Nearly Working Machines 

TEVATRON 11, Fcwni1ii.b 
Sp$, CERN 
TEVATRON, Fermiilab 
TRISTAN. Jaoan 
SLC, Stanford- 

Under Construction 

LEP I, CERN 
HERA, W. Gerninriy 
UNK, IJSSR I 
UNK, USSR. I1 
BEPC, PIN: 

Proposod, Dcsigned or Dreamed 

LEP 11, CERN 
LHC. CERN 
SSC,’ TJS 
ELOTSATRON, Italy 

12 GeV protons - fwed target, 
30 GeV proton - fixed target 
(phis heavy ions) 
450 GeV protp- - fured target, 
8 x 8 G e V e  e 
15 x 15 GeV+e+e- 
6 x 6 GeV e e- 

800 GeV protons - fmed target 
315 x 315 GeV pi, 
900 x 900 GeV 
30 x 30 GeV e+e- 
50 x 50 GeV e’e- 

50 x 50 GeV e’e- 
30 GeV e- x 1000 GeV p 
3 TeV prot#on_s - fured targct. 
3 x 3 TeV q 
3 x 3 GeV e e- 

100 x 100 GeV e’e- 
6 8  x 6-8 TeV pp 
20 x 20 TeV pp 
100 x 100 TeV pp 
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