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I. Introduction 

The purpose of this session on accelerators is, at least in part, 

I believe, to bring to this audience some portion of the subject matter 

of the first sessions of the international conference on high energy 

accelerators and instrumentation conducted at the CERN laboratories in 

Geneva 1n september of' last year. I was asked to present to tbat 

conference soma of the -points Vhich bad been brought out in a series of 

informal meetings of a group of physieists at the I.awrence Radiation 

laboratory at Berkeley about a year ago, and in a more intensive, one-veek 

study by a group of visiting workers from several.laboratoriea, or@!mized 

last June by the Midwest Universities Research Association (MURA) at 

Madison. This latter study followed an exploration of feasible types 

of new accelerators conducted by other visitors at MURA during the 

preceding week. My task at Geneva was therefore that of a theorist, 

who baG long been interested in accelerators 1 to report and to sumnarize 

the views of these groups of physicists whose know~ of high energy 

experimental 1~search liaS 1n many eases more intimate than my own. 

Today I will try to play that role aga..in, at least to t.he extent of' giving 

you some idea of the topics debated by these groups. However, I also 

want to emphasize that these problems deserve a great deal more serious 

study and hard work than they have yet received, and that the work of 

which I know to date merely points out some of the factors which must 

be ueighed. and considered, in the rapidly changi.ng light of experience 
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in high energy reseal"ch, in order to reach firmer conclusions on whicb 

to base tutu:re planning. In other wrds, I believe that most such 

discussions b&ve raised mre questions than they haw answered, including 

the one you are abOut to hear. 

By confining my remarks to proton accelerators I do not imply a 

conviction that new electron machines would be of little use. Instead, 

their uees are complementary 1 and in. add1 tion a practical energy limit 

fOr circular electron accelerator emrgy seems to be approached by the 

CWnbridge electron accelerator, while the linear traveling wave ty_pe demands 

a spec1a11zed. technology and the recommended destsns seem to change very 

llttle from year to year. This last fact is in marked contrast to the 

situation 'tdth proton machines, where the variety of possible approaches 

is mueh richer. It is generall;y known, and was well documented at t.he 

CERN conference 1 that ample 1nvent1 wness has been applied throughout 

the world to produce a whole generation of' new accelerator concepts and 

tec:hniques, so that many ot the limitations on present research may be 

eased or re.mowd by t'uture machines •.. These limitations include particle 
·~ 

energies, besm currents, duty cycles. /~hetition rates, and other factors r . -\ 
affecting experimental utility. It\ b o~ous that a continuing search for 

M -·~ 
~'.;• - \ ' 

new concepts and techniques should be enco'draged. As an example, the 

su~stioM about plasma and coherent acceleration techniques put forward 

by Veksler, Budl~r, and other SOViet physicists at Geneva :ln 1956 have· at 

the very least led to the consideration of tiSOOle interesting problems in 

relativistic plasma physics about which we shall bear from Dr. Rogers 

later 1n this session. 

No one, I believe, would defend the view that eXisting machines 

plus tboae under construction Will sutfice to give us all needed intormation 

about the structure ot matter. Even if this were so, the present rate of 

progress in ma.Id.ng measuremnts loavea much to be desired, as is well 
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lower backgrounds 1 and better secondary beams 1 but also some disadvantages 

including a poorer duty cycle and difficulties of identification. It was 

acknOwledged that 1 t would be oore expensive than adding a colliding beam 

capability to a single beam machine. From all of this I conclude that 

this is tbe w:rong time to seriously consider ultra-high energy machines, 

especially since new information at 25 billion volts Will soon be available. 

~etors Atteot!ng the Utility or Higper Currents 

I will nov turn to an examination of SOI\l(l considerations atf'ecting 

the utility ot higher currents. The Berkeley group addressed ~.tself 

primarily to the question or studying the need for higher proton currents 

' in the energy range lO to 25 billion volts, and the largest etf'ort of 

the visi tore at Madison during tbe second week was also devoted to this 

question, although a number ot other problems vere also giwn attention 

there. On this topic similar discussions Were held by both groups 1 and 

I will not try to separate the origins ill erummarizing the points that 

were made. High currents in this energy range could be produced by high 

repetition rate synchrotrons 1 by various types of FFAG me.chilles 1 or by 

linear accelerators. 

It is becoming clear to many high energy physicists, both 

theoretical and experimental, that for a long time to come there Vill 

be a need for much more detailed data on the interactions of the known 

strange particles. According to our present theoretical understanding 

the interactions betveen any ·pa1r ot the more than twenty strongly 

coupled particles are, in principlep ot equal interest. In a more 

general way, many theorists feel that the masses of the particles are 

somehow a result ot their 1nter$et1ons1 and t.hat ve should not expect 

to understand tbe masses and the interactions separately. The diaper, ion­

theoretic approach to these problems !s meeting with. increasing success 
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and acceptance; more precise experimenta.l info:nnation than has been needed 

heretofore, and over 'Wider energy ranges, Will be required to exploit this 

approach. This point of view emphasizes the importance of trying to apply 

the suggestion of Chev and Lov for conducting experiments in which particles 

other than nucleons may be regarded as virtually present in nucleon targets; 

1 t is clear :f'rom the start that this type of experiment will require 

higher intensities than are presently available. 

The energy range up to, say, 12 or 15 Bev may be singled out aa 

including, with a reasonable margin, the production thresholds of all the 

known strange particles. There is a great deal to be done in this energy 

range,· much of which can be aeCOl':uplished in beams of from 3 to 300 

millimieros.mperes average current; these figures bracket the best present 

and anticipated future performances of eXisting proton machines and those 

under construction. (For orientation, the Cosmotron and Bevatron now 

operate at about 2 and 6 millimicroamperes, respectively; the Argonne 

machine would produce I+O mill!mic:roamperes at 1012 particles per pulse, 

and the Princeton-Pennsylvania accelerator would produce 300 millimicroamperes 

with 1011 particles per pulse at the high repetition .rate or about 20 pulses 

per aeeond. This latter current may oe approached at Argonnel and also at 

Berkeley after modernizing the Bevatron injection system. In contrast, the 

'big alternating gradient machines at Brookhaven and Geneva Will probably 

not exceed a :few millimicroamperes; the present pertor.ma.nce at CERN is 

one-half a millizniCl"''a1'llpere.) The work to be done includes nucleon-nucleon, 

pion-nucleon, K-nucleon, ant1nucleon•nueleon1 am perhaps some hyperon .. 

nucleon scattering, as well as the determination of produc1iion cross sections 

for variou.s particles as functions of angle and enerB.V. [ Iaek of this 

latter information is perhaps the greatest handicap 1n planning for 
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desirable secondary beams from :future machines, and it is greatly to be 

hoped that sOi!E of it will be obtained early 1n the operation of the CERN 

and Brookhaven AGS machines.] The total and elastic d.tfterential cross 

sections Just mentioned a.ra easier to measure than the polarizations, 

which may therefore require higher currents, together W1 th measurements 

on antihyperons a.s well as a number of processes inVolVing virtual targets 

a.s proposed by Chew and tow. It is possible to enumerate many other types 

of' experiments Which also require higher intensities. An intense beWZI of 

antiprotons would be valuable for the study of a.ntibyperons 1 since the 

cross section for making them in this way is probably about w4 greater 
I 

than by the use of pion or proton beams. static properties of various 

baryons 1 such as the anomalous :magnetic moments of ant1nucleons and hyperons, 

could be measured. Many processes involving weak interactions, such as 

decay processes involVing small branching ratios, require high intensities. 

An interesting example is the possibility of measuring neutrino scattering, 

about which Professor T. D. ~ will speak 1n this room tomorrow morning. 

High energy moon beams, wbieh could be obtained by passing a pion beam 

through several nuclear mean tree paths ot absorber 1 vould have some 

interesting applications if they were quite intense. This enumeration 

is intanded to be suggestive but not exhaustive. Higher currents bave 

other obvious advantages. One could tolerate the greater attenuations 

inherent in better purification by beam separators. It is already 

known that through beam sharing and multiple target operation oore can 

be done than it the tull current on a single target is required f'or 

every experiment. It seems saf'e to oonelude from all these remarks that 

there is a det'in.i te need for intens1 ties at least as h1gh as the 
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o.; microampere I have mentioned above, which corresponds to what may 

be possible rat the Arf!J)nn.e and Berkeley machines (after l!Ddernizing 

the :injection system at the Bevatron) and for even much higher currents 

if' we can learn how to cape Vi th tbe many problems such higher CUJ:Tents 

will create by the time they eould be produced. 

These problems are by no means inconsequential. iUrJong them 

1s the shielding problem. People tend to think of this as marely a 

matter ot how ma.ny tens of feet of earth or concrete must be used in 

constructing a house or tunnel in which the machine can be imprisoned. 

I recent~ aa.me upon a calculation made at the Argonne Ia.boratory which 

illustrates the complexity of the shielding problem. There the llnac 

1njector beam will be introduced into the accelerator enclooure through 

a pipe wnose area is four square inches, Which passes through a 25 t'oo~ 

solid concrete va.l11 emerging about 15 feet from a possible target site in 

the big machine. To estimate the neutron tlux produced at such a 

tarset coming baok through this hole 1 t was assumed that one percent 

ot the 101; particles per pulse would interact in this target, eaeh 

producing 5 neutrons of which half' are isotropic. '!'he pipe' o solid 

angle then admits ; • 5 x 105 neutrons per pulse. Continuing from the 

accelerator backwards along the linac to the control room wall l.6o 

feet further away one finds 800 neutrons pe:r sque.re centi.lM!ter per pulse. 

Twenty inches of concrete at this point will stop halt of these; by 

assuming that tJlree teet of steel and one i"oot of copper of the main 



-11-

magnet shield tbe source of neutrons, the resulting estimated flux in 

the control room is reduced to one third ot the tolerable flux. However, 

it the lin&c pipe happens to point a.t e. straight section there would be 

a serious problem. zts-zag tunnels carrying power and control wiril18 

eause similar d.1ff'1eulties, and it must be remembered that this mchine 

is ui.Miled to produce one third of a microampere rather tbe.n the ten 

microamperes or :more of vhich an WAG machine is thought to be capable 1 

Another pt'Oblem associated w1 th operation at hie;ber intensities 

is tbat of beat dissipation in tar~ts. A ten microampere beam will 

lose about two ld.lowatts in traversing a nuclear mean free path. Targets 

used for tbe production of secondary beams must be very small in order 

to make possible the design ot separating systems at tbese high I!X)mGnta; 

this beat loss may be approaclli..n& a pract1oal l1mi t even for 'thin, 

refractory targets. An even more serious matter 1s the protection ot 

machine, and especially such sensitive substances as coil insulation, 

from radiation dame.ge due to lost or scattered beam. These and many 

other questions are bound to ple.gue those who try to make plans for· very 

high C\ll.Tent maChines. 

IV own eonclusion is that inadequate study has been given as yet 

to a proper determination of feasible intensities, considering the 

system as a whole including experimental needs, technical <li:rf'iculties, 

beam handling equipment, costs, and detection and analyzing apparatus. 

I have not touched on these last items as yet, and I do not feel myself 

to be at all expert 1n such prognostications. It seems clear., from 

the number of large bubble chambers be1rlg planned :f'or usc at such 

laboratories as Argonne, Brookhaven, CERN, Harwell, and in the SOViet 
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Union, that these instruments will be dominant in high energy physics 

for a number of years. They have certainly played an important role 

in the thinking of the study groups I have mentioned. It is much harder 

to predict to what extent other techniques will find general use, 

particularly in a period about ten years trom now. As a sideline 

observer of luminescent cbe.mber developments I have not yet understood 

how it is hoped to b6nd1e data of a complexity similar to that from 

bubble chW'llbers which may be delivered, in principle, at microsecond 

intervals, and yet the existing state . of data handling in high energy 

physics might have been regarded as fantastic only a decade ago. (Some 

of you who hetlrd Dr. Bradner this rooming may perhaps feel that 1 t is 

fantastic now1) At the very least one can say that the capacity to 

handle experimental data is intimately related: to the intensity question. 

I must reiterate that the question of intensities required. for co~Uding 

bea.rrua has not been considered here. It is well ~ that presently 

discussed figures involve extrapolations beyond existing currents by 

a factor of a thousand. The proper way to prudently approach this 

impressive figure is e. separate problem. 

It is very difficult to predict ·the relative future importance 

of· extending such measurements as have been discussed into the 25 billion 

volt region a.s compared w1 th the importance of' new, xnore interesting 

reactions that tiJta:Y occur at these higher energies. In any event the 



er,umeats tor htdl ~t.Y viU. &'1.$Q ~ 't..Wire. In ODe· ~ ·tJle 

ot~ton ~ ~ ~. lt bu.~ ~ ~tod out 'tJ:Dt ~· C'JX)S$ Metlon 

to!' &D'S~~~ Q ~~~~&tate 

iS ~~ ~ 0'~ tld...~, to tt¥1 ~ Of tbe cent.er C1f maG$ 

d~e ~ wblt® 11Jf ~~~to the ~tory 

ettea'gt/ ~ ~Jativttn!Q ·~. Still$. c4 too~ ~s sectl.otw 

11/llY ~ ~ to bel so low at a5 »ev &S w ~ ~Ucate Ol" in some 

~ to ~ the &mi&u ot ~ ~ ~ beliltf'S ~ tbe 

n«v .AQS -~.. c. 'ldtrJ:lt feel tt wt• to uwtt ~ 1Me wst Ute 1s 

ltk$ at tl.tio ._ ... ~ bef'cN ~ ~. 

!bth ot t.b.e ~- t ~ ~tad tliOll$ time to a 4~1on 

ot ~ tno;t ~ be ~ i.ti a ~ ~~- m :faeiUte• 

~br~l ~. lt is lH)t a 41ffl.eu.t't ~ tO!:" ~~ ~.Ut$ 

to le•t'J.:nc a ~"" ideal ~t ot ~~; wt aoca~• dest{Jue1"0 

mtw l'aNe $ tiffl®lt. tU. fr~ all aueb. $»&41ft:~. ~ .,., --

~ ·of them v1U ~~ ~ out· to be ~· On tWs wb.ject,tt aud i.li 

~~~~~the~ Wd p~ vJ.ll t1:rJd ~ 

new to them tn. ~ I haft to ~~ bu:t ~ ~ _., be ~ted 

to~~~~~·~ 

It 1$ ~ ~ that e tl.eJdble ~ ot .riAllttple 

~ ~ d ~ ·~ tacmuoa ~be~ ad 

set l:W as· Q;n b~ JIU't. ctt tb& ~~~ ~r rith tllei:tr 

extei1&:1Ye ~ltUrlg ~ ~ G$F'\'bol1&:t ~ and ~ ~ 

tha~ vtU be n~. rt ~ • ~ w b:i.ng out ~ 

pu'tt~ ot: both ~;taus ot ..U ~ to ~ pr~ ~J •:v;t~le 



•. 

adwm~ in ~ ~ as a tunc'tion ot ~gy viU ~ it 

tb1G can be dol• in a t1ol4•f'n:.c ~. ~ ot ~ ~Y 

p6Ft1cl.$e ~~ ~ their t.ar~ 1YA.IS't be glven ~. atterition. 

It te Vital to i~-~ tile full ·~ on a ~ of' 'f1'0rY ~U si~S. 

li1ah l~1;ttu ma.v be o~ tn this ·'JI'!iW bJr ~loi:t!tlg multiple 

tnt.~ ot 'the ·~. partt~:q in naahines Vith lF.c"'~ ~ 

~tton Vllkh ~·the inward ~t ~to a 

stven enet .. &V ~. ilbi$ lligh .~ty t::om small ~tG fu.c:tlit&tem 

'the ~tia1 or pU"t!ole14 With the .~ ~ tJut. dU:t\Jr&nt ~. 

~ ~icia'ts woo. 1tliW l\lOt been to~ ~~ta at tba ~ 

a~-re ~t be ~.sal. at the Jsvel ot aophisti~ ~ 

~ 1n tlWl detllip ·aad use of ae~tora fWd,~ ~rally, o'f 

beam ~~ &!v.t~. 'lhie 8\lbJG<:t vas dl~ this ~ by 

nr-. ~, end is 1MU ~ in tile ~ of the c::mm 

~ whiell have ~ ~ pubUebed. !are,e ~-a of be.ttmG 

~ been •t up at the lle'vatrorl and Co~~ tor variOUG lrwecW 

~e, arid pl~ to'.r a. venet7 ot: ~ et. w.eb of too me.Jor 

aceurlfr.l'atore u.mer ~ ~ W~ll ~... each U'lwl.Vi.ns tenG 

o:f ~~~ ten& ot ~ ~te, ~N.J. vel.oeity ~' 

~"W of ~t~, wxt ~ piths of ua to .., ~ .reet or more. 
or are in use 

~ ~ besn1s ~ be:i.ng pl.aimad"for many of ~ 

&coelem.toJ.>s. Wbey are inferior as sources of' separated secondary 

neanw but Will h&ve tletin1t.e ~ fOr ~in ~ri.lmnts. TL!e 

a'V!allsbiUcy -of ~ so.U4 ~s and the f\lU ~ ~ a vitel 

in·~~ ~ons. Iaek ott in~l'eXlOO w:i.th the ~l't..i."le 

a= twa pom;1b1~ity at sw~ out sev~ ~ provide 
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tlexiW.Utr/. ~ r.-t. m~ ~ beoome ~ler tn ~al 

~. Abl/j)lute ~ can be ~ ~ ~~ .. ana. e~ 

llved ~ 'lfJ1I;ff be ~ ~le fol"' ~. I't is dea1l'@le ~t 

such ~ ehould t. vaneble tn ~61 eld eboa14 l'8Wt ~ ~ 

qwt..U.ty. T1l!w r.wst also ba W.Sbl7 .et.able sn ~tian tzrom pul.ae to ~. 

SOtJ.e of tbtue ~~ fili1i!l' be ~ to ,..t. lt ba$ ·bel!m ~. 

tl2.at lDng st4'&~ eet1on& ot 1' to !l# teet '1111¥ ~ &$ ~1"70 

~~ r-or an ~al ~fA~ ~1~. 

!IbJt ~ ot tlmd.bWty ot bsiat4 &tt;y· <We- han been 

aarpbu&se4;~ .sillae tm aee4& ot bubble chembmn ~ of' ~c 

·de~ are ~1 even Within each elatis ~ 11 a :need tor 

:tle:tibUt~ siuce eou~ ~l at~ aat tt.me ~ f"l.f$lt 'ti01"k 

utth eJ.oeVomc ~prmt WJ:Y ~ ~ ~· lt ~'fl 
. ; 

at f'U>$t Q.i$bt tba't FJMG ~~ ~ an -.~ ~ m this 

~et, I:Jinee it a'tlOUld be ~ibls 1n ~1ple to VI!J1t"Y tho~ 

~10 atd ~tlon llfJ.ile f4 ~11l6 ~ ~ beam on1lo a t:areet 

~ ~1$ over e. verg ~ ~· Howe~, tbe .._ ~ill't'J 

can p19~ be ~ Vitb a pal.eod ~~to&-~a ~ rlng. 

The r.t. ~ ot tiD accelere.ted ~ 1a ~ tor ~ t~· 

tUPt ~~ 18 WJe ~ COD&tdeftd tor an ~ 

at the ~ a ~~ beam ra:tto ~ m' vu l'!I<J.d.ved, but 

~ ~ tbat t.be aotual ratio VWJ ~l~r. On ·the ot.ber 

band, ·fif'li'tm a ~l:y ~ r.t. ~ bGs &1'1 ~ b\w1 

eff'ect em ~ dut:r ~les, whf.ah Oll.tl be ~ bar eloVl!f i!ri.bhl.ing 

a ~ sta~ beam onto a ~. ~ ri,p,ple _,. ~ Vith 

tb1& ~tJG.. All ot theme ~w on ~ eyclu ~ w both 

~w~l~·. 
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In ~l.wU.na~ I llf)Je that I ha\l!e been able to bldng to t.bose 

of )1'0U vro ·~ not betm i.lm')l'V94 ill ~~ eottvtty at a bi~ 

~ eccelen1uT an f.W,Pl'Gc:tl.atton ot sone of tile tlllW' ~ Wicb 

~ to ~llcate the twl!k af p~ tor ~ b1gb. ~ 

PJ'Qtcc aeoe~. 1 Wt.tl4 be ~sed u % haw Gid.d ~ 

tWJW", a.t I ~ ~ JJC t'tual OQI)e].Ufd.ou1 but I 4o mw tbe 

eonviet1on ~t with the ~tioo r4 uew ~t.tan f.Vd with 

~ ~ tbe pict4u'e will ~ o~, u4 I am sure that 

this kim ot . ..,. 1s ~t1 ~ tiO .tJNWin't ~ve ~ &ll4 

to maka ·~CIAllt ~in our~ ac·'the ~ ot 

mrrttmr. 




