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RECEHT DEVELOPMENTS AFFECTING

THE_LONG-THRY PROGEAVIE OF CERN

Since the last Scientific Policy Committece meeting at
which papers on the long-term programme of CERN were discusscd
(sce CERN/SPC/lZS + Add.) there have been scveral developments
affecting the thinking about this problem, Most notably there
has been an International Conference at CLRN on the Theoretical
Aspects of liigh Energy Fhenomens, a summary of which is prescnted
in a separate paper (CERH/SPC/134/43d.) by Profousor Van love, who

5

acted as choirman of this Conference,

Admittedly there was not such evidence presented ot
the conference that clcar and firm conclusions can be made to
guide CERN along a royal road to an unquestionably wise future
progromme, Our knowledge is very limited, WNevertheless it did
seem cvident that the majority of the experimental and thecoretical
physicists present were more interested in machines that would
provide higher intensities than in machines to provide higher enerpics
in the certre of wass systom. Consequently the proposal of the
Accelerator Research Division .to apply stecking techniques to an
intersecting beam machine by adding storage rings vo the prescnt
CERN PS did not find much favour., The criticism was not so much
that high cnergies in the cemes. 2re unintercsting but that inter-
secting beam machines seen very linmited in the range of nuclcar inter-
actions thot can he studied, To gamble the future of the Laboratory
on say p~p intvcractions and a few others even at a c.mes, ecncrgy of
50 GeV was less attractive than say the safer course of building a
100 GeV proton synchrotron with an intensity of 1013 . 1014 narticles
per -sceccond which would permit & great cxtension of the present experi-
mentation by virtue of the higher sccondary beam intensities and at
the same time cllow some additions to the present programme by virtue
of the higher cnergy, If money was limited, the prefercnce apporently
would be to drop the primary encrgy rather than the intensity but not,
of course, lower than about 15 GeV,

v the

The work dono to date on machines that might sa
s ion
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tis?T
above trends of intercst suggest that the use of high repetit
rate lincar accelerators injecting into sinilorly high repeti
ratc boogster synchrotrons which can stack particles in a large
synchrotron, which then accelerates the particles to peak energy
at o rate of one pulse cvery threc seconds might result in output
intensitics greater thon 10 BP/SGG. The intensity limitations sccn
likely to be ion sourne intensity, space~-charge limitations at the
various stopges of acccleration and scerious radioactive contanination
of the nachine particularly ncar the target regions. TFrom other
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studies that have been in progress for sonc tine now on very high
intensity cyclotrons for m-meson production it is clear that unless

the circulating protons can be ¢jected from the machine with cjection
cfficicncies very near 100% the contamincotion problems may well be
insupcrable or at lcast place so many restrictions on the use of the
nochine that experimenvation becomes o slow and dangerous busincess,
Lincar accelcrators, now coming back intc consideration due to the
nroposal to usesupcr~conducting cavities, cjecct all the accelerated
proton bean, and may therocfore be the only satisfactory way of
achiceving intensitics in the 1015 p/soc roenge. Whether thesce proposals
will Dbe found as ottractive after the results of the prosent sceries of
experiments with sinrle "cold" cavitices are known, renmains to be scen.
Evig though a 600 llcV proton linac giving o continuous output of 10-7-
10 p/soo for use as o very intense meson source night be feasgiblce if
these super~conducting idcas can be applicd, a high cncrgy, nulti-GeV,
lincar acceolerator, giving say 100 GeV and 1015 p/seo would still be

at lcast 10 km long since the permissiblc voltage gradicnts in the
mochine limit +thie maxinun acceleration to about 10 MeV/m and no improve-
mont can bo expected in this respecet by using supcr-conducting cavitics,

The scientific merits of experimental projects are often
compared without rogard to their cost and this is in gencral the
rizht way to begin to noke a choice. Unfortunately the cost of the
acceleorator: which arc now being considcercd is very high and the
proposed machincs diffcr so very-much in cost that rather unrealistic
comparisong  con be made if the financial implications in cach casc
arc completely isgnored, Conscquently an attempt has becn nade to
estinote, very guvaroxinately, thc total costs (i.c. capital Tor machinc
building, capitel ond stoaff expenses for development and construction)
of the various types of nachines bosed on tentative figurcs put
Torward by groups outsidc CERN and by CERN staff. It must be empha-
sizcd, however, thaot these cost figurcs cannot, at this stage, be
rnore than guesscs, but they at least scrve to classify the proposals
into cost ranges og follows

In the 2 000 million Sw,., Fr. range there is the 1 000 GeV

R
L
by o group in the USA (at Brookhaven) and an other in
the USHR, It is not known preciscly how Thesce studics
cre devoloping but a physicist from CERN is joining in
this study projcct in August this ycoar and, no doubt, thec
projecct will be thoroughly discussced at the Brookhaven
confercnce in Scpbember, A super-conducting proton lincar
accelerator of 10-20 GeV and 1010 p/scc igs probably also
in this »ricc rongo,
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In the 700 million Sw, Ir. range there is at prescnt the
300 GeV cascode synchrotron study initiated by the
Californian Ingtitute of Tcechnology which scems te oin

&t on intensity of about 1012 p/scc and anotchr sinilor
projcct being studicd at Berkeley. Physicists from CERIT
are also taking part in these studics this summer. Decause
of the intercst in high intensities mentioned above it may
be preferable to comsider, for about the same cost,

100 GeV proton synchrotren with intensitics in the 101) -
1014 p/sec range., It is to be noted that the Stanford

2 milec elecectron lincar accclerator (maximum energy 45 GOV)

-1s in this pricc range. A study projcct for a 10 GeV proton

linear accclerator of a'conventional pulscediype, made some
tine ago, with an intcnsity of about 1014 p/soo olso mentionced
total costs in this range.

Renge O)

T'or about 200-300 nmillion Sw, Ffr. i.c. about twice the cost

of the CPS, there remains the storage ring and intersccting
beon orooosal outlined in pu{er CVRN/S?C/IQG Also one can
congider a 25 GeV, 1013 - uec proton synchrotron which
has the sane cnergy as the CPS but 100 tines the intensity.
Although o 50 GeV, 1011 - 1012 /sec proton synchrotron

would elso be in this price ronge therc is unlikely to be
nuch support for such a machine, bearing in mind the USHR

70 GeV project, now under conutructlon, and the present
interest in high intensities.

Range D)

In the 100 nillion Sw,., ¥, range there is the rccont proposal
600 MeV supcr-conducting Eyoton lincar acceclerator with
o continuous ouitput of over 10+2 p/sec which would give CLRN
o m-nceson source scveral orders of magnitude morc intcnsc
thon any cxisting source, It is assunmed that further develop-
nonts of the CPS fTo raisc the intonsify to lO12 p/scc or nmorc
are part of the present programme of CLERN but +thesc modifica-
tionsg may be expensive if, for cxamplo, .a new lincar accclera-
tor injector is found nccossary. The intensity 1imi'°t10r

o=

of the CPS ig likely to be space chorge effeccty of injection
and rodioactive contanination of the machine in the target

Z0NC8s.
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In trying to come to some proposal for o fTuture accclerator
programme for CERN the price ranges for different machinces ~iven above
can pive some guidance. . It has alreacdy been admitted that the 1 000 GeV
P53 in the Range A is Dbeyond the financiol and nan-powcr possibilities
of cithcr the USA or tho USSR and the idea of building onc such machine
jointly by thesc two continents has beon suggested ot lcast by the
physicists. It is safe to assume thorefore that Europo, i.c. CERN,
would take the same attitude to such a costly mochine., Physicists
from these two continents also agrecd thoat 300 GeV proton synchrotrons

b 1 ! (

cculd be comsidcred cs "national® machinces,i.c, a machince that the

USA oxr USSR could build alone, Now thav nore is knowrabout the costs
of mochines in this cncergy ronge it might be found that this agreement
wos sonmcewhot hastly and presumed too much on government financial
backing for high cnergy physicss 1If sonme idea could be obteaincd of
the price region in which accelerators become "intercontiacntal' i.c.
world projccits, rather than Tcontincental' such as the CPS ,thon sonc

of the machincs listed above could be climinated for the CuiR¥ Laboratory
on the grounds of cost. In private discussions with physicists from
Amcrica ond the Sovict Union it appcarcd that a 300 GeV PS5 of normal
intensitics might now be considered o world project, If this is so,
then both Ronge A ond Ronge B machincs night be considered too big for
CLRil, Howrever, the Stondord 2 mile clcetron linoc-scems likely to get
sovernnent opnroval in the ncar future and the cost of this nmoachine is
guoted as 450 million Sw, Ir,

Anochoer way to approach the nroblem is to counsider what
nachines will be runaing by 1970 and to scarch for a complencntary
accclerator to these machines on the bosis that high cenorgy physics
is beconing morce and more a world activity, and moachines should be
chosen on o world besis rather than o centinental basis. This approach
ig consistent with the idea of a world project for the next very
crpensive nachine noenticned ahove,

Well berore 1970, probably by 1967, the largest machine in the

S8R will be the 70 GeV proton synchrotron ond the intcensity should be
at lcast as good as that of the CPS today,i.c. 1011 p/scc. In the
USA, assuming approval is given, there will be the Stanford clectron
lincar accelerator, Thus unless any steps arc taken now by Lurope,
USA or the USSR, the highest cnergy praton accelcrator will be in the
USSR and the highest cncrgy clectron accelerator in the USA., PFurther-
more the highest intensity proton synchrotron gt this tine will
nrobably be the Argzonne 12 GeV PS at 1013 - 1014 p/seo. Lurope will
only(havo th CpS (28 GOV) and the USA o gimilar mochine, nancely the
Relo) T AT e

. D T T,
LG0T BT, o5 Efrookhovan,

A Mcomplencentoary™ nachince to the 70 GeV Russion PS8 and the
Stanford linac could be o high intensgity proilon synchrotron of an encrgy
conparable with the CP5., Such a machine apporently would have  the
suppart of the physicists attending the recent CERI conforence., Applying
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the conclusicng of the two cpprosches to the problem nentioned above

we then zrrive at o 25-50 GeV proton synchrotron with an intensity of
1013 ~ 1014 p/scc. It would be wisc ot this stage o introduce anothcr
restriction and say that it should be built on the natural cxtension

of the prescent sitc of CERN, to avoid the cost and delay of setting up
another loborotory in Iurope. It appears that such o machine could be
built on on extension of the site, nanely on the ficld adjoining the
CF3., Betweon the cnergy limits 25-50 GeV therce would clecorly be pressurc
to aim at the higher figure in vicw of the Argonne PS at 12 GeV (high
intonsity) and the Russian PS at 70 GeV (normal intensity). The cost
of a 50 GeV high intensity P3S would however be ncar 400 nillion Sw,Ir.,
and is comperable with the Stonford 2 mile clectron linac,

To complete The world picturc of high cncrgy physics facilities
in 1970 it is nccessary to guess at o world accelerator’ thot would be
complenentary to the continental machines of that epoch, A food possibili-
ty would be a 300-500 GeV proton synchrctron with an intongity of at loast
1012 p/seo and prefcerably 1013 p/scc. Such a machine would probably cost
about 1,000 million Sw. Ir, but it would have a ficld of high onergy physics
of its own.

The above crzunents are plausible but hishly speculative
depending as thoy do con the prescnt interests of nuclear physics, which
noy chanse os new experinental results cre obtained from the CPS and the
AGS, and upon political events thot ore out of the control of physicists.,

Whether or not a world projcoct is cver launchea it 1s clear
thot the idceo of sceking complencntary machines for the next building
progronne can do only geed so long as CERN tokes an active wart., A
third share in o world acceclerator,if it comes off, will hordly satisfy
211 the demends of Zuropcan physicists in the nexv decade. Some such
machine as the 50 GeV high intensity proton synchrotron or on inter-
gecting beam mochine, should this cone back into foveur, coupled with o
shore in o world acccelerator, would naintoin equelity between the three
continonts and at the samce time give o good balance in world facilitics
for high encrzgy physics rcscarch.
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