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UNITED STATES 
ATQMfC ENERGY COMMISSfO3l 

Washington 25, D. C. 

May 18, 1961 

Pear Jerry: 

I enclose the  promised documents on possible 
internat ional  projects .  
o f f i c i a l  proposals. The document on the  Bio-Medical 
accelerator  was prepared by John Hall with help from 
t h e  AeC Division of Biology and Medicine. 
High-Flux Research Reactor was prepared by members of 
t h e  Division of Research and the  Division of Reactor 
Development with help from me; Dr .  Seaborg has rend it 
end concurred. 
Paul McDaniel helped r e f b e  it. 

As you know, these are not 

That on the  

I prepared the document on Accelerators; 

Since the  various documents are writ ten 5y  
d i f fe ren t  people, a r e l a t i v e  aesessnent by one person 
might be useful. A l l  th ree  projects have appeal from 
the p o l i t i c a l  standpoint. This is perhaps the most 
a t t r a c t i v e  feature  of the  Bio-Medics1 Accelerator; 
indeed, Chuck Dutlham doubts t h a t  such a machine should be 
b u i l t  a s  a purely national f a c i i i t y ,  The very high 
energy accelerator  would, of course, be sc i en t i f i ca l ly  
desirable  on any basis .  From the  pure standpoint of 
American s c i e n t i s t s ,  it may w e l l  be tha t  a given amount 
of money would be batter spent f o r  a very high energy 
nat ional  accelerator ,  r a the r  than t o  pool it with funds 
from other  countries t o  bui ld  a still larger machine. 
The p o l i t i c e l  considerations are, however, very appealing. 
In  addition t o  the obvious ones, is t h e  f ac t  t h a t  Soviet 
scientists (especial ly  Veksler) have indicated tha t  
should such a project  be emberked upon, they would give 
serious consideration to s igni f icant  opening up with 
respect t o  t h e i r  technology and indus t r ia l  pract ices  
r e l a t i n g  t o  such things as steel and copper. 

The High-Flux Reactor Center has appeal from 
both the  economic and t he  p o l i t i c a l  standpoint. 
more, i n  the opinion of some of our reactor technologists, 

Further- 
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real advantages might be gained pooling s c i e n t i f i c  and 
technical manpower on such a project .  They doubt t ha t  
this country alone would embark on a project of t h i s  
magnitude. 

Perhaps one of the most important aspects of 
any such internat ional  projects  would be the f a c t  t ha t  
i n f luen t i a l  i n t e l l ec tua l  leaders from the  East and the 
Vest would be thrown i n to  intimate contact for long 
periods o f  t h e .  

Sincerely yours, 

Leland J. Haworth 
Coximiss ioner 

Dr. Jerome B. Ylesner 
Special Assistarit t o  the President 

The White Eouse 
fo r  Science arid Technology 

Enclosures 



MODERATELY HIGH-ENERGY (500 MEV) AM) HIGH 
INTENSITY ACCELERATOR FOX BIO-HEDICAL RESEARCH 

1. Need for bio-medica? synchrotron 

Use of the Berkeley cyclotrons has demonstrated the  usefulness 
of heavy pa r t i c l e s  i n  dealing with diseases  associated with 
p i tu i ta ry  function, conditions such as acromegaly, malignant 
diabetes,  and cancers dependent in some degree on the  production 
of pi tu i ta ry  sex hormones. 
mental phase shows t h a t  good cerebral  lobotomies and laminectomies 
can be achieved and the technique promises t o  be a new "bloodless" 
technique for the  neurosurgeon. 
work going on today in molecular biophysics i s  being done with 
the  ex is t ing  Berkeley Linau, A new and more f l ex ib l e  machine 
would permit great ly  expanded s tudies  i n  th is  f ie ld .  
there is an over-riding need t o  learn everything possible about 
protons and hewrter charged pa r t i c l e s  i f  man is t o  go into space, 
because such rad ia t icn  appears to  be the  biological  and hence 
engineering l imit ing factor.  . 

Other work i n  a st i l l  more experi- 

Much of the  most s ign i f icant  

Finally 

A recent review a t  Berkeley (2/5/51) concluded tha t  a weak 
focusing, high reception rste syachrotmn would be the  instrument 
of choice. 
care of these researzh needs. 
proton energy of 1 E m ,  o r  125 MeV per nucleon for  haavy ions 
with an 800 Kv Cockcroft-Walton injector was specified.  
be used f o r  both biophysical and medical, theore t ica l  as w e l l  as 
pract ical ,  purposes on a 168-hour per week basis .  

It would provide the  f l e x i k i i i t y  necessay  t o  take 
Brief ly  a machine pr:Jvid.lng a 

It can 

The problem i s  not tk.t there  are no mac3ines producing such 
par t ic les ,  but tha t  . ~ 3 i n s r i l y  the ph;.r?icists and ckcnists have 
p r io r i ty  on the nachir,es and keep them almost cont in ia l ly  occupied. 

2. Technical Clescript ion 

The accelerator  would comprise a weak-focusing high repe t i t ion  
r a t e  synchrotras, w i t h  an injector: cons.t:ting cf an €30 KV Cockcroft- 
Walton nachine, a !.kear ac;eleretor , avi a scripper.  
Walton would have two ion sources, one Sgr hemy ioro and one for 
protons. 

The Cockcroft- 

Two separated external  beam areas would be provided; one f o r  medical 
purposes, and clne for bio-physical experiinents. 
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In the  in t e re s t s  of low background rad ia t ion  the e n t i r e  machine 
should be underground. 

3. Tentative Specificat- 

PROTON ENERGY, . . . . . . . . . . . . . . . . . . .  1.0- Bev . 
HEAVY ION ENERGY . . . . . . . . . . . . . . . . .  125 Mev/Nusleon 
REPETITION RATE . 15 Cycles per 

MAGNET APERTURE . . . . . . . . . . . . . . . . .  3 x 11 Inches 
MAXPMlMFIELI) . . 13 Kilogauss 

FIELD AT INJECTION, HEAVY ZONS . . . . . . . . . .  1000 Gauss 

second 

FIELD AT INJECTION, PROTONS 6 300 Gauss 

ORBIT RADIUS I N  PIAGhET 0 14 Feet  
0VERALL"DIAMETER" . . . 46 Feet 
WEIGHT OF IRON . . . . . . . . . . . . . . . .  170 Tons 
WEIGHT OF COPPER 13 Tons 
DCMAGNETPOWER . 350 Kilowatts 
AC MAGNET POWER . . . . . . . . . . . . . . . .  325 Kilowatts 

INJECTION ENERGY . . . . . . . . . . . . . . . .  0.8 Mev/Nucleon 
ORBITAL FREQUENCY AT INJECTION . . . . . . . . . .  0.3 iWsecond 
MAXIMUM ORBITAL FREQUENCY (PROTONS) . . . . . . .  6.3 MC/second 

4. Time for Construction 

It is estimated tha t  i t  would take 3 t o  4 yeare t o  construct the 
proposed bio-medical synchrotron and associate  laboratory. 

5 .  cost 

It is estimated that the  machine would cost  in t h e  neighborhood of 
$10 t o  $15 mill ion and the  associate  laboratory and medical f a c i l i -  
t ies would probably cost  at  l ea s t  another $5 mill ion.  

6. Location 

A blo-medical f a c i l i t y  such as t h a t  proposed should be constructed 
i n  an area where there  is engineering competence in the synchrotron 
f i e l d  such as at Berkeley. 
already offered t o  make land avai lable  for such a f a c i l i t y .  
view of U.S. pre-eminence in t h i s  f i e l d  it wuuld make the  most 
sense t o  locate the f a c i l i t y  i n  the  U. S. and probably in the area 
of Berkeley. 

In t h i s  connection the  University has 
In  



- 3- 

International CooDeration 78 --__1-_1---- 

The capital outlay as noted would be approximately $20 million. 
Internationalizing the project would enable the U. s8 to  affect  
some economies. Amachine of this  type would be highly useful 
to any highly-sophisticated radto-biologist . An international 
biomedical CE3N would be consistent with the policy leading to  
the development of CERN i t s e l f .  
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INTERNATIONAL HIGHFFLUX RES9fiRCB REACTOR CXNTE_II 

I. INTROEUCTKON --- 

This paper will consider two possible proposals f o r  
in te rna t iona l  research centers  re la ted  t o  heavy element research 
apd high-flux reactors :  (1) a transplutonium element production 
and reseaxch center ,  containing a high-flux reactor  and research 
f a c i l i t i e s  designed t o  produce and conduct basic  research on 
heavy isotopes; and (2) a broader research complex containing, io 
addition t o  the  capabilities described i n  (I), high-flux reac tor  
f a c i l i t i e s  su i t ab le  fo r  research i n  reactor  and so l id - s t a t e  physics 
asld for  development: of f a s t  fue ls  for f a s t  breeder reactors .  



11. -c__ CONCLUSIONS 

An In te rna t iona l  High-Flux Reactor Center combinfng the  
provision of high neutron f luxes f o r  heavy element production and 
for research i n  heavy element chemistry, nuclear, so l id - s t a t e  and 
reac tor  physics and f a s t  reac tor  fue l s  research is considered 
desirable.  Such a center  would be of primary value t o  the  in t e r -  
national s c i e n t i f i c  community i n  &he advancement of new s c i e n t i f i c  
frontiers and in par t i cu la r  t o  the  U.S. In providing s c i e n t i f i c  
information and technical  developments applicable t o  our fast 
breeder reactor  program. 

An In te rna t iona l  Center f o r  Transplutonium Production 
and Research would dupl ica te  f a c i l i t i e s  now planned or i n  progress 
i n  the U.S. and is therefore  less desirable  t o  t h i s  country. 
would, of course, provide f a c i l i t i e s  f o r  heavy element production 
and research t o  o ther  countr ies  not now posaessing such capab i l i t i e s .  

It 



A. BACKGROUND 

1. U. S. Progrm 

The U. S. Atomic Energy Commission is undertaking a 
program f o r  the production of research quant i t ies  of trans- 
plutonium elements. 
being i r rad ia ted  i n  reactors a t  the Commission's Savannah 
River Plant which w i l l  subsequently y ie ld  over a thousand 
grams of Pu-242 plus  hundreds of grams of Americium-243 
and Curium-244. 
and curium w i l l  be fur ther  i r rad ia ted  i n  a high-flux isotope 
reactor now under construction a t  the Oak Ridge National 
Laboratory. This reactor ,  which w i l l  have a power leve l  of 
100 MW and a thermal f lux  of about 5 x loTs n/cm2/sec, w i l l  
permit the production of milligram amounts of californium 
and other heavy elements by 1965 and gram amounts by several  
years later. 
curium, and heavier elements and the  handling of the large 
quant i t ies  of product californium and other  heavy elements 
which undergo spontaneous f i s s ion  require a very highly 
shielded hot cel l  f a c i l i t y .  
f a c i l i t y  (TRU) is  being planned for the  Oak Ridge National 
Laboratory. 
research programs u t i l i z i n g  the heavy nuclide products of 
this program are being constructed or planned for at several  
of rne National Laboratories . 

Kilogram quant i t ies  of Pu-239 are  

After processing, the Pu-242 and americium 

Tho processing of the recycle amer ic ium,  

Such a special  transuranium 

Heavy element hot laborator ies  designed fo r  

While t h i s  la rge  scale program i s  underway, a smaller 
interim program is cur ren t ly  being carried out with i r rad ia-  
tions i n  the MTR and ETR which are producing microgram 
quant i t ies  of californium and other  heavy elements. 

For the  preparation of the  very heaviest  nuclides, the 
Commission's Lawrence Radiation Laboratory a t  the University 
of Cal i fornia ,  Berkeley, has a heavy ion l i nea r  accelerator  
i n  which the heaviest  nuclides are used as t a rge ts  for heavy 
ion bombardment. 
su i tab le  for heavy element bombardment, are being made 
available at  several of the Commission's laboratories.  

In  addition, var iable  energy cyclotrons, 

2. Programs i n  o ther  Countries 

Several other countrtes are interested i n  heavy element 
research and some have s t a r t ed  s m a l l  transplutonium production 
programs of t h e i r  own. The Euratom nations are current ly  
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planning a program which w i l l  involve i r rad ia t ions  of plutonium 
o r  americium i n  the BR-2 reactor  a t  &l, 
Research Center is  being constructed for Euratom at. Karlsruhe 
and w i l l  be completed a f t e r  July,  1962. Professor Feenberg 
of the  USSR reported a t  the  1958 Geneva Conference on the 
design of high-flux (about 2 x lox5 n/cn2/sec) reactor,  but 
l i t t l e  information on the  s t a t u s  of t h i s  proposed reactor  is 
available a t  t h i s  t i m e .  
i n t e re s t  i n  converting the NRU reactor a t  Chalk River in to  a 
high-flux isotope reactor ,  but found it too expensive. 
Several other countries are engaged i n  heavy element research 
programs and w e  have supplied or plan t o  make avai lable  t o  
them small research quant i t ies  of soae heavy elements. 

A Transplutonium 

The Canadians had expressed an 

B. INTERNATIONAL FACILITY 
' An internat ional  center  for heavy element research would have 

t o  provide for  the production of s ign i f icant  amounts of the t rans-  
plutonium isotopes, f o r  the carrying out of the required chemical 
and mechanical operations i n  d i r e c t  support of the production e f fo r t ,  
and f a c i l i t i e s  fo r  the conduct of research u t i l i z i n g  the isotopes 
which are produced. As a minimum, the  following f a c i l i t i e s  would 
be required: 

a. High-flux is0 opes reactor ,  with thermal f lux  of a t  
least 5 x ,015 n/cm2/sec. 

b. Heavily shielded f a c i l i t y  fo r  preparing ta rge ts  fo r ,  
and processing materials from, the high-flux reactor.  

C. Well-equipped nuclear chemistry research laboratories.  

d,  Heavy-ion l i n e s r  accelerator  o r  variable-energy cyclotron. 

The cap i t a l  cost  of such a complex would be in  the neighborhood of 
$50,000,000. 
products of lengthy reactor i r r ad ia t ion  of kilogram amounts of 
plutonium. 
by the major par t ic ipa t ing  countries.  
reactor,  and its reprocessing, would a l so  be contributed by the  
par t ic ipat ing countries.  

The feed f o r  the high-flux reactor would be  the 

This feed (Pu-242, Am-243, Cm-244) should be contributed 
The fuel  for t h e  high-flux 

C . CONCLUSION 
A n  internat ional  center  as described above would allow any 

country possessing the  i n t e r e s t  and capabi l i ty  t o  conduct research 



on the transplutonium isotopes. Nany countries have shown interest 
in this f i e ld  but do not have, and probably could no& support purely 
national efforts,  for acquiring the necessary f a c i l i t i e s .  It would 
not, however, offer t o  the U.S. any sc ient i f ic  capability that we 
do not now possess or are planning. 
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IV. HIGH-FLUX RESEARCH REACTORS 

A. BACKGROUND 

Since the start  of operf t ion o 1 the  MTR as the first high- 
f lux  research reactor  (5 x 10 
advancements i n  technology have led t o  the next generation of 
high-flux reactors (thermal neutron fluxes from 2-5 x 1015 
n/cm2/sec) now planned o r  under construction i n  the U.S . ,  namely 
the Brookhaven B e a n  Research Reactor, t h e  Oak Ridge High-Flux 
Isotope Reactor and the NRTS Advanced Test Reactor, and the USSR 
High-Flux Reactor reported at  the  1958 Geneva Conference by 
Feenberg . 

n/cm /sec, thermal) i n  the world, 

The need f a r  research reactors  capable of p r y p i n g  2 usable 
thermal and/or fast neutron fluxes grea te r  than 10 
has been expressed by power reactor  developera, €or the  f a s t  
breeder reactor  program. The sa t i s f ac t ion  of t h i s  need has not 
been undertaken by any one country primarily because of (a) the 
necessity of extensive research and development required by t h i s  ad- 
vancement fo r  producing higher neutron fluxes and (b) the high 
cap i t a l  and operating cos ts  for these reactors.  

n/cm /sec 

A high-flux research reactor  center  o f f e r s  a number of 
a t t r a c t i v e  features for an internat ional  cooperative venture. 
Some features  are: 

(a) A subs tan t ia l  research and development e f f o r t  would 
be required in reac tor  physics, chemistry, heat trans- 
fer, f l u i d  flow, coolants, fue l  and s t ruc tu ra l  
materials, metallurgy, rad ia t ion  induced corrosion. 

(b) Critical experiments would be required t o  assume 
uniform fluxes and provide the  desired f a s t  t o  thermal 
neutron r a t i o s .  

( c )  Research and development would be required i n  the non- 
uniform d i s t r ibu t ion  of fue l  within fue l  elements and 
the use of burnable poisons t o  maximize the time between 
reloading of fue l .  

(d) The research and development work required for  these 
high-flux reac tors  is such t h a t  i t  should prove 
challenging t o  experts from the  par t ic ipa t ing  countries 
i n  the various s c i e n t i f i c  and technical f i e l d s  involved 
and should attract them to par t ic ipa te  i n  such an in te r -  
national venture. 
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A research rea tor center  supplying neutron fluxes greater 
than 
exceeds the  technicsi  capab i l i t i e s  of any o m  country a t  
t h i s  t i m e ,  

2 n/cm /sec, while considered technically feasible ,  

The high cap i t a l  cos ts  and high annual operating and fue l  
costs  w i l l  probably prevent any one country from under- 
taking such a venture, but may serve t o  encourage a 
cooperative e f f o r t  and a sharing of costs. 

France, U.K., USSR and the  U.S. have f a s t  breeder reactor  
programs, thus an interest motive in f a s t  reactors  exists 
i u  a number of countries and could seme t o  c rys t a l l i ze  
in to  a coouerative venture. 

The f a s t  breeder program requires  extensive and expensive 
research i n  the f i e l d  of fue l  materials and i n  the achieve- 
ment of high fue l  burnup. 

No f a s t  fue l  research reactor  ex f s t s  a t  the present time 
i n  f r ee  world countries nor t o  our knowledge anywhere else. 
The ava i l ab i l i t y  of such a research reac tor  should advance 
t i m e w i s a  the f a s t  breeder program. 

INTERNATIONAL HIGH-FLUX RESEARCH REACT03 CENTER 

An internat ional  hlgh-flux research reac tor  center  could pro- 
vide a var ie ty  of neutron fluxes which are not a t ta inable  i n  exis t ing 
research reactors. 

thermal energy region and a similar in tens i ty  of higher energy), by 
the  a b i l i t y  to  vary the f a s t  t o  thermal f lux  r a t i o  over wide ranges, 
adaptabi l i ty  t o  specialized isotope production, and a u i t a b i l i t y  for  
performance of f a s t  breeder reactor fue l  experiments. 

These neutr n fluxes would be characterized by 
high in tens i ty  (greater  than loq6 neutrons per cm 2 /sec. In the 

Two types of reactors  are proposed: (a) research reactors  
designed f o r  research in so l id - s t a t e  physics, rad ia t ion  e f f ec t s ,  
radiat ion induced corrosion, spec ia l  isotope and transplutonium 
element production; and (b) a reactor  s u i t a b l e  f o r  fue l  research 
i n  a f a s t  breeder reactor  program. Consideration could be given 
to combining both reactor  types in to  8 s ingle  "all-purpose" reactor ,  

A High-Flux Reactor Center is desirable  

(a) To provide research s c i e n t i s t s  with t h e  most intense 
source of reactor-produced neutrona i n  the  world. 



(b) To provide a research reactor for the fast fuels  
research reqvLred for fast breeder reactor programs. 

(c) Because of the advancements in general nuclear tech- 
nology that would result from the design and develop- 
ment of the high-flux reactors. 
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Either  of the above concepts could be suggested and 
supported. The s t rongest  overal l  s c i e n t i f i c  j u s t i f i ca t ion ,  however, 
would be possible f o r  an internat ional  center combining the f a c i l i -  
t ies  and capab i l i t i e s  of both concepts. Such 8 broad "International 
High-Flux Reactor Center" would provide f a c i l i t i e s  for  par t ic ipa t ing  
countries t o  conduct basic  research i n  nuclear chemistry, so l id -  
s t a t e  physics, and nuclear physics, and applied research and develop- 
ment i n  reactor  engineering and design. No one country, including 
the U.S., has such capab i l i t i e s  (or is  planning f o r  them) a t  the  
present t i m e .  

(a) 

The f a c i l i t i e s  would include: 

One or t w o  reactors  provi ng f a  t and thermal 
fluxes on the  order of 10'' n/cm*lsec and adequate 
capac i t ies  f o r  isotope i r rad ia t ions ,  in -p i le  test 
space f o r  reactor  development work, beam holes for  
nuclear and so l id - s t a t e  physics research, etc. 

Heavily shielded f a c i l i t i e s  f o r  handling the  extremely 
radioactive materials produced i n  the reactor .  

Well-equipped research and engineering laborator ies  
with supporting shop and service f a c i l i t i e s .  

Heavy-ion l i nea r  accelerator or var iab le  energy 
cyclotron, fo r  heavy element research. 

The c a p i t a l  cos t  of such a center would be i n  the range 
of $150,000,000 - $250,030,000. 
su f f i c i en t ,  and would require contributions from par t ic ipa t ing  
countries i n  terms of reactor  fue l ,  fue l  reprocessing service, and 
feeds for heavy element production. 

It would not be completely s e l f  

The primary value of such a combined center  t o  the in te r -  
national s c i e n t i f i c  community would be the provision of high neutron 
fluxes f o r  research i n  heavy element chemistry, nuclear, so l id - s t a t e  
and reactor physics, and advances i n  reactor  technology. 
value to  the  U.S. would consis t  of the s c i e n t i f i c  information and 
technical developments applicable t o  our f a s t  breeder reac tor  program. 

The primary 
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VERY HIGH ENERGY ACCLLIRATORS 

1. Cooperation with the  USSR i n  the design, construction and 
use  of very high energy accelerators  has been the subject of numerous 
f r u i t f u l  exchanges between representatives of the two countries. 

2. The HcCone-Emelyanov Agreement, signed i n  November 1959, 
provided t h a t  the U.S. and the  USSR would "examine separately the 
f e a s i b i l i t y  of engaging i n  j o i n t  projects. .  . . ," including "the 
design and construction of an accelerator  of large and novel type." 
It fur ther  provided t h a t  "representatives of the U.S. Atomic Energy 
Commission and the  USSR Main Administration of the Ut i l iza t ion  of 
Atomic Energy w i l l  meet i n  the first half  of 1960 to consider what 
enterpr ises  m e r i t  fu r ther  study and will request the Internat ional  
Atomic Energy Agency to  assist in arranging such meetings. I' 

3. In  May, 1960, Professor Emelyanov proposed a jo in t  accelerator  

He suggested tha t  formal 
project  i n  a discussion with an o f f i c i a l  group of American physicis ts  
then inspecting Soviet high energy facil i t ies.  
discussions of such a pro jec t  be held at  the time of an Internat ional  
High Energy Physics Conference a t  the University of Rochester i n  
August, 1960. 

4. In  response to a writ ten request by Emelyanov, the topic  was 

In  a j o in t  memorandum to  the  two 
o f f i c i a l l y  discussed a t  a meeting between U.S. and USSR s c i e n t i s t s  i n  
New York City on September 16, 1960. 
governments (copy attached),  they concluded tha t  accelerators of several  
hundred Bev are s c i e n t i f i c a l l y  desirable  and appear t o  be technically 
feasible .  
country study accelerators  i n  the  range from 300 t o  1000 Bev and tha t  
fur ther  mutua1 discussions be held i n  conjunction with the  Internat ional  
Accelerator Conference t o  be held a t  Brookhaven i n  September, 1961. 
The group recognized t h a t  any project  should be mul t i la te ra l  but no 
such recommendation was  made i n  deference t o  the  Soviets'  formalis t ic  
posit ion that the.group must s t a y  within the b i l a t e r a l  framework of the 
McCone-Emelyanov Agreement. 
has been taken by the U. S. Government nor, so f a r  as w e  know, by the 
USSR. 

They recommended t h a t  o f f i c i a l l y  appointed groups i n  each 

No formal action on the recommendations 
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5 .  I n t e r e s t  i n  a projec t  of this nature has been expressed by 
scientists from many countries i n  Western Europe and the Far  East. 

6 .  Studies of acce lera tors  above 100 Bev are proceeding a t  
the  Lawrence Radiation Laboratory, a t  the  Cal i fornia  I n s t i t u t e  of 
Technology and a t  Brookhaven National Laboratory. 
spec i f i ca l ly  responsive t o  the recommandations of the New York meeting. 

The last is  

7, 
of several  hundred Bev are  both s c i e n t i f i c a l l y  desirable  and techni- 
ca l ly  feasfble.  Indeed, the f eas ib l e  energy l i m i t  seems to be set 
by economics, 
range from $150 - $250 mil l ion  at th ree  hundred Bev t o  $500 - $750 
mill ion a t  one thousand Bev. 

These s tydies  have v e r i f i e d  the conclusion t h a t  accelerators  

The cast  of complete i n s t a l l a t i o n s  is estimated t o  

8 .  From the  sole standpoint of American s c i e n t i f i c  progress, 
a given nat ional  acce lera tor  would be preferable t o  an equivalent 
internat ional  one. This f ac to r  may well  be outweighed by economic 
and p o l i t i c a l  considerations.  

9 .  P o l i t i c a l  advantages of East-West cooperation i n  such a 
pro jec t  would include increased exchange of s c i e n t i f i c  and technical  
information, contr ibut ions toward in te rna t iona l  understanding and, 
hopefully, ins ight  into Soviet technology, including manufacturing 
procedures. It is  importaat t h a t  cooperation on t h i s  type of project  
would br ing together i n t e l l e c t u a l  leaders  from the  East and the  West. 



BACKGROUND --- 
So f a r  as the writer is aware, the  f i r s t  formal suggestion 

tha t  consideration be given to East-West cooperation i n  the con- 
s t ruc t ion  and use of very high energy p a r t i c l e  accelerators  was 
made i n  the 1958 Report of the  Special Panel on High Energy 
Accelerator Physics, appointed by the PSAC and the  GAC. 
recommended, among other things,  t h a t  the  Federal Government: 

This report  

"(a) Encourage in te rna t iona l  col laborat ion and cooperation 
i n  the  planning for  and design of fu ture  machines and 
the increased use of f a c i l i t i e s .  

"(n) Request t he  National Academy of Sciences t o  study and 
advise the  Government on the  best  method f o r  proceeding 
with in te rna t iona l  cooperative research on new 
accelerator  concepts, such cooperative a c t i v i t y  to 
include the  Soviet Union." 

In response t o  the above, the  National Academy of Sciences 
approached members of the U.S. National Committee f o r  the  Internat ional  
Union of Pure and Applied Physics (XUPAP) through whom the  subject  was 
placed on the agenda of the  High Energy Conmission of IUPAT? at its 
meeting i n  Kiev i n  July 1959. 
e s t ab l i sh  an in te rna t iona l  study committee on t he  subject  f a i l ed  
through lack of Soviet par t ic ipa t ion .  
cussion during an acce lera tor  conference a t  Geneva i n  September 1959, 
representatives of the  U.S., of Western Europe and of the  USSR 
agreed 
fie1d.L' The Soviet representat ives  expressed fear  t h a t  the purpose 
of t h e  U.S. was t o  control  na t iona l  programs through the mechanism of 
large in te rna t iona l  accelerator  projects .  
t h i s  thought. 

An attempt by t h a t  C o d s s i o n  t o  

However, a t  an informal d i s -  

pon the  d e s i r a b i l i t y  of in te rna t iona l  cooperation i n  t h i s  

They were disabused of 

The McCone-Emelyanov Agreement fo r  Cooperation in Nuclear 
Science and Atomic Ekergy, which w a s  signed i n  November, 1959, pro- 
vided for  exchange v i s i t s  and exchanges of information, and i n  
addition included, under the heading "Joint  Enterprises" the follow- 

- ing statements: 

"The parties agree i n i t i a l l y  to examine separately the f eas i -  
b i l i t y  of engaging i n  j o i n t  p ro jec ts  i n  various unclassif ied 
areas. 

I/  Note t h a t  the Bronk-Nesmyanoff Agreement, which was formally signed 
i n  July, 1959, did  not, include high energy physics as a subject  for 

5 - 
exchange. 
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"Included i n  the  i n i t i a l  exploration are j o i n t  f a c i l i t i e s  
and undertakings in....; the  design and construction of 
an accelerator  of la rge  and novel type; .... 

"Representatives of the  U.S. Atomic Energy Commission and 
the USSR Main Administration of the Gt i l i za t ion  of Atomic 
Energy w i l l  m e e t  i n  the  f i r s t  half  of 1960 t o  consider 
what enterpr ises  merit fur ther  study 8nd w i l l  request the 
Internat ional  Atomic Energy Agency t o  assist i n  arranging 
such meetings. (' 

The poss ib i l i ty  of ser iously considering cooperation i n  the 
design and construction of a large accelerator  was mentioned from 
t h e  t o  tlme i n  various East-West contacts over the  next few months. 
For example, Professor Emelyanov proposed such a venture i n  a d i s -  
cussion i n  Moscow on May 28,  1960 with the  o f f i c i a l  U.S. High Energy 
Physics Group then inspecting Soviet High Energy ins ta l la t ions .  He 
spec i f ica l ly  suggested t h a t  discussions of such a project  take place 
a t  the t i m e  of the  High Energy Physics Conference t o  be held at  the 
University of Rochester i n  August and September, 1960. 

Taking a cue from t h a t  discussion, Professor Marschak invited 
approximately 25 physicis ts  from a large number of countries--both 
East and West--to attend an informal meeting in Rochester on 
August 28, 1960, to discus6 the s c i e n t i f i c  d e s i r a b i l i t y  and technical 
f e a s i b i l i t y  of very high energy accelerators.  The discussion was 
e n t i r e l y  technical and although many of the par t ic ipants  were aware 
of the possible internat ional  implications, those implications were 
not discussed $n the meeting. 
%n the range of 100-300 Bev, or even higher, would be very useful 
s c i e n t i f i c a l l y  and that t h e i r  design and ccnstructdon is technically 
feasible ,  although expensive. 

The meeting concluded tha t  accelerators 

Meanwhile, Professor Emelyanov wrote t o  Chairman McCone urging 
t h a t  a formal meeting be held, after the Rochester Conference, between 
representatives of the  USSR and the U.S. t o  discuss i n  a preliminary 
way the  des i r ab i l i t y  and f e a s i b i l i t y  of a jo in t  project.  
meeting was held i n  New York City on September 16, 1960. 

Such a 

By agreement qprly i n  the  meeting, the discussion was confined 
t o  accelerators i n  the energy region between 300 and 1000 Bev. 
group agreed upon the s c i e n t i f i c  d e s i r a b i l i t y  and the  apparent 
technical f e a s i b i l i t y  of such accelerators.  
incorporating these conclusions and a series of recommendations to be 
submitted to the  two governments, (A copy is attached).  Briefly,  
the  memorandum recommended t h a t  "o f f i c i a l ly  appointedr' technical 

The 

A memorandum was prepared 

W E  ARCHIVES 
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groups i n  each country should study the scientific des i r ab i l i t y  and 
technical  and economic f e a s i b i l i t y  of p a r t i c l e  accelerators i n  the 
energy range between 300 and 1000 Bev. 
tha t  reports  of these s tudies  be made a t  a second meeting a t  the 
t i m e  of the  International Accelerator Conference at  Brookhaven 
National Laboratory i n  September, 1961. 

It was a l so  recommended 

Although the recommendations of the memorandum have never been 
formally acted upon by the American Government (nor, 80 f a r  as we 
know, by the Soviet Government) a study group was established a t  
Brookhaven National Laboratory ear ly  in  1961. Sc ien t i s t s  and 
engineers from many ins t i t u t ions  have par t ic ipated on a part-time 
basis,  both a t  t h e i r  home ins t i t u t ions  and during shor t  v i s i t s  t o  
BNL. Close cooperation has been maintained with high energy 
accelerator  s tudies  being car r ied  out at  the Lawrence Radiation 
Laboratory and a t  the Cal i fornia  Ins t i t u t e  of Technology. 

I n  pa ra l l e l  with these technical s tud ies  theore t ica l  and 
experimental physicis ts  have been considering, on the  one hand the 
s c i e n t i f i c  usefulness of results t h a t  might be achieved through the 
use of such ultra-high energy protons, and on the  o ther  the ins t ru-  
mental and other problems involved i n  experimenting with such 
pa r t i c l e s .  

A l l  of these s tudies  have strengthened the  be l ie f  t h a t  
accelerators i n  the energy range i n  question are both s c i e n t i f i c a l l y  
desirable  and technically feas ib le ,  and tha t  the  cos ts  would probably 
not be excessive in the  context of a large scale internat ional  effor t .  

SCIENTIFIC AND TECHNICAL CONSIDERATIONS 

Sc ien t i f i c  Desirabi l i ty  of an Ultra  High Energy Accelerator: 

A marked extension i n  the avai lable  p a r t i c l e  energies would 
serve two general purposes; it would make possible refinements and 
extensions to  higher energy, of the class of experiments already under- 
way; more importantly, it vould undoubtedly reveal a whole f i e l d  of 
new phenomena and areas for investigation. 

In the past  such new phenomena have been discovered whenever a 
These discoveries subs tan t ia l  increase i n  energy has been achieved. 

have been such tha t  it is not an  overstatement t o  claim t h a t  our con- 
cepts  of the most intimate s t ruc ture  of basic  physical pr inciples  have 
undergone a profound change during the  last decades. Although no one 
can f o r e t e l l  whether the  next increase i n  energy w i l l  be equally pro- 
ductive, promising areas are apparent. These include: 
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( I )  The information whfch can be gathered from neutr ino 
experiments w i l l  continue t o  increase with energy. 

N e w  p a r t i c l e s  and, i n  par t icu lar ,  new p a r t i c l e  "states" 
may develop. 

(2) 

(3)  Experiments i n  which secondary pa r t i c l e s  are sca t te red  
by s ta t ionary  electrons,  leading t o  "knock-on" electrons 
w i l l  reveal the s t ruc tu re  of the new, unstable 
particles.-  2/ 

(4) C o s m i c  ray events at  very high energies have exhibi ted 
certain purl ing features  which it is e s s e n t i a l l y  hope- 
less t o  explore fur ther  without the  control led conditions 
of acce lera tor  experiments. Detailed exploration of such 
high energy "jet" events may give c ruc ia l  da t a  on the  
problem of fundamental i n t e r p a r t i c l e  forces.  

The present class of experiments can be extended i n  several  
h p o r t a n t  ways : 

(1) The study pf production processes fo r  secondary particles 
can be extended t o  much higher energies,  thereby increasing 
t h e  understanding of these processes. In par t i cu la r ,  the  
g rea t  increase i n  multiple production of  secondaries would 
y i e ld  e s sen t i a l  information concerning i n t e r p a r t i c l e  forces. 

(2) The energy range of avai lable  secondary p a r t i c l e s  w i l l  be 
grea t ly  extended, correspondingly increasing the energies 
a t  which interact ions of these pa r t i c l e s  with s t a t iona ry  
nucleons can be obsemed. 

(3) The increased mul t ip l ic i ty  of production of Secondary 
p a r t i c l e s  of lower energy will. be equivalent t o  a cor re i -  
pohding increase i n  in tens i ty  from a lower energy 
accelerator .  For example, a 300 Bev accelerator of given 
in t ens i ty  is expected t o  produce between 50 and 100 t i m e s  
as many secondary pa r t i c l e s  of a few Bev energy than would 
a 15 Bev accelerator  having the  same primary beam intensi ty .  

- 21 Since such secondary pa r t i c l e s  cannot be made ava i lab le  in  ta rge ts ,  
i t  is necessary i n  studying t h e i r  s t ruc tu re  t o  reverse  the usual 
procedure and bornbard s ta t ionary electrons with the unstable 
pa r t i c l e s .  Unfortunately, the very low mass of the e lec t ron  
requires  t h a t  the oncoming pa r t i c l e s  have very high energy i n  order 
t o  provide s u f f i c i e n t  momentum t r ans fe r  fo r  the  s tud ies  t o  be 
revealing. 
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Hence a multi-100 Bev accelerator is bas ica l ly  a dual purpose 
an exploratory too l  t o  study new phenomena a t  ul t ra-high device: 

energy and a highly competitive source of secondary p a r t i c l e s  of 
lower energies,  

Technical Feas ib i l i t y  

Accelerator s tudies  carr ied out t o  da te  have yielded increasingly 
promising resu l t s .  An important conceptual bas i s  f o r  these s tud ies  
has been the idea of using a high energy (10-15 Bev) accelerator as 
an in jec tor  f o r  a very high energy a l te rna t ing  gradient synchrotron. 
This concept o f f e r s  great  advantages. 
f i e l d  a t  inject ion,  the large reduction i n  space charge e f f e c t s  and 
the v i r t u a l  elimination of gas sca t te r ing  would permit t he  use of far 
smaller magnet apertures,  and hence l i gh te r  weight and less cos t ly  
magnets, vacuum tubes, etc., than would be the case a t  low in jec t ion  
energies. Indeed, careful  o rb i t  s tudies  have shown t h a t  the l i n e a r  
dimensions of the  aperture can be comparable t o  or less than the 
present AGS machinesZ/and need not increase with the  energy of the  
accelerator.  
space charge e f f e c t s  permits very high in t ens i t i e s  before reaching the 
space charge l i m i t .  Indeed, the in jec tor  would undoubtedly be t h e  
l imit ing fac tor  governing intensi ty .  
of alignment precision are apparently not more rigorous than those 
already successfully achieved a t  CERN and a t  Brookhaven. 

The correspondingly high magnetic 

An equally important benefi t  is  tha t  the reduction i n  

Furthermore, the requirements 

Both l i n e a r  accelerators  and synchrotrons are being considered 
as injectors .  In jec t ton  from a l i nea r  accelerator  is more s t r a igh t -  
forward s ince a well-focussed external beam is automatically provided 
by such a machine. 
experimental evidence a t  CERN and BNL have indicated t h a t  the t r ans fe r  
problem between two synchrotrons is  also solvable. I n  favor of the  
synchrotron in j ec to r  is the  f ac t  t ha t  a t  f i r s t  s igh t  it seems t o  be 
cheaper. However, t o  r ea l i ze  the  f u l l  s ing le  pulse in t ens i ty  of the 
large accelerator  a t  repe t i t ion  r a t e s  su f f i c i en t  t o  give reasonable 
average i n t e n s i t i e s  requires t h a t  the synchrotron in j ec to r  be pulsed 
at  a very rapid rate, great ly  increasing its technical complexity and 
cost .  The r e l a t i v e  merits of the two systems is  under carefu l  study, 
taking i n t o  account the above and other factors .  

However, careful calculat ions based i n  pa r t  on 

I n  summary, one can p r e d i c t  with reasonable assurance t h a t  
proton synchrotrons of many hundred Bev can be designed and b u i l t  and 

- 3/ Note t h a t  the 'concept of multi-Bev in jec t ion  is meaningful only 
fo r  a very high energy accelerator. 
would not be log ica l  fo r ,  say, a 30 Bev f i n a l  one. 

Clearly a 10 Bev in j ec to r  
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operated with d i f f i c u l t i e s  not qua l i ta t ive ly  d i f fe ren t  from those 
or ig ina l ly  faced i n  the  las t  generation of accelerators.  

"he magnitude of e f f o r t  t h a t  would be involved is c l ea r ly  much 
greater.  The quant i t ies  of each component, the level  of the RF power, 
the complexity of the controls ,  etc., would rise i n  keeping with the 
s i ze  

The personnel requirements would, of course, be large.  
Fortunately, however, the  number of experienced personnel would not 
increase proportionately with the t o t a l  e f f o r t .  
increase would be i n  t h e  requirements fo r  technical and sk i l l ed  
ass is rants  . 

The la rges t  relative 

- Economic F e a s i b i l i t y  

Although it i s  not ye t  a t  this stage possible t o  make accurate 
estimates of the cos t  of accelerators  i n  the energy range under d i s -  
cussion, some rough estimates are available.  It is believed, however, 
tha t  the cost would be roughly l i nea r  with energy and tha t  i t  might 
range from $150 - $250 mil l ion a t  three hundred Bev, to $500 - $750 
million a t  one thousand Bev. 

GENERAL CONSIDERATIONS 

The d e s i r a b i l i t y  of undertaking a cooperative project  of t h i s  
nature is influenced by many factors .  Omitting f o r  the  moment the 
p o l i t i c a l  factors ,  the advantages would include the sharing of costs ,  
the larger  pool of s c i e n t i f i c  and technical manpower, and the 
s c i e n t i f i c  st imulation to  be derived from the  mutual contacts and 
cooperation between the  s c i e n t i s t s  of many countries. 
as compared to  a nat ional  accelerator  would include the probable 
remoteness of the site, the  administrative cumbersomeness and resu l tan t  
slowing down, and the reduced ava i l ab i l i t y  of the machine f o r  use by 
American sc i en t i s t s .  
s c i e n t i s t s  t ha t  from these standpoints alone, a national accelerator  
of equivalent performance would be preferable. 
ever, tha t  the very la rge  investments involved might w e l l  make it 
possible t o  construct a higher energy, more cos t ly  accelerator ,  i f  
internat ional  resources were pooled. 

The disadvantages 

On balance it  is generally believed by American 

It i s  important, how- 

The pol i t ical .  f ac to r s  are, of course, numerous and of great 
importance. 
national understanding and good w i l l ,  the  breaking down of communica- 
t ion  bar r ie rs ,  resu l t ing  i n  increased information i n  both the  

Among them are the possible contributions toward in t e r -  

3 0 0 3 4 1 3  



-9- 

technical and the general sense. 
b i l i t y  is t ha t  of acquiring howledge of technological and indus t r ia l  
practices i n  the USSR. Indeed, informal. conversations with 
responsible Soviet s c i e n t i s t s  have indicated tha t  f o r  t h i s  purpose 
they would ser iously consider making available manufacturing tech- 
niques i n  fields required by pr inc ipa l  accelerator components such 
as steel and copper. 
value. 

A n  especially in te res t ing  possi- 

Clearly, such information would be of great 

It is important t h a t  cooperation'on t h i s  type of project  
would bring in t e l l ec tua l  leaders from the East and the Wesf in to  
inticlate contact for long periods of t i m e .  



DESIRABILXTY AXD FEASIBILITY OF - R E 3  ACCELERATORS- -OF LARGS 
AND NOVEL TYPE 

Report t o  

U.S. AND SOVIET ATOMIC ENERGY AUTHORITIES 

Off ic ia l ly  - Designated Sc ien t i f i c  Group 
by 

A meeting was held a t  the  American I n s t i t u t e  of Physics, 
New York City, on September 16, 1960, t o  consider the s c i e n t i f i c  
des i r ab i l i t y  and f e a s i b i l i t y  of new accelerators .  Par t ic ipa t ing  
i n  t h i s  meeting were V. I. Veksler, D. I. Blokhintsev, S. Y. 
Nikitin,  V. P. Dzhelepov and N. N. Bogolyubov from the Union of 
Soviet Soc ia l i s t  Republics and L. 3. Haworth, R. R. Wilson, 
G. F. Chew, K. R. Symon, P. W. McDaniel and G. A. KoLstad from 
t h e  United States.  
Committee of the  Council of Ministers of t he  USSR for the  
Ut i l iza t ion  of Atomic Energy and t h e  U. S .  Atomic Energy 
Commission. 

This meeting w a s  arranged by the S ta te  

I n  a r r iv ing  a t  t he  following conclusions and recommendations 
it was agreed tha t  the  discussion be l imited t o  accelerators of 
a scope beyond presently envisioned nat ional  accelerators.  
Energies above 300 Bev were adjudged t o  f u l f i l l  t h i s  c r i te r ion .  

CONCLUSIONS 

1. 

2. 

3. 

4. 

5 .  

That an accelerator  i n  the  energy region above 300 Bev is 
desirable . 
That a strong focusing proton synchrotron i n  t h i s  energy 
region appears t o  be f eas ib l e  and tha t  other types might 
also be feasible .  

That thorough technical study of such machines is essent ia l .  

That thorough study of &he experimental use of such machines 
is also essent ia l .  

That par t ic ipa t ion  in these s tud ie s  by s c i e n t i s t s  of o ther  
countries would be desirable .  
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RECOMMENDATIONS 

1. That study groups be o f f i c i a l l y  appointed i n  each of the  two 
countries t o  examine the  technical  and s c i e n t i f i c  problems. 

* 2. That encouragement be given to other  countr ies  or  areas t o  
form similar groups o r  t o  par t i c ipa t e  i n  the work of the 
USSR and US groups. 

3. 

4. 

That the groups be encouraged t o  cooperate in t h e i r  s tudies .  

That plans be made fo r  a comprehensive intergroup discussion 
a t  the time of the  1961 In te rna t iona l  Accelerator Conference 
and t h a t  fur ther  steps be considered a t  tha t  time. 

5. That the s tudies  include: 

a. Sc ien t i f i c  j u s t i f i c a t i o n  

b. Technical aspects of acce lera tors  of energies 
between 300 Bev and 1000 Bev 

c. Beam handling and experimental techniques 

d. Technical e f f o r t ,  cos t  and probable the scale .  

* Not included as j o i n t l y  recommended by US/USSR group. Recom- 
mended separately by U.S. group. 
agreement and indicated t h e i r  in ten t ion  t o  make the same 
recornendation t o  t h e i r  government separately but f e l t  t ha t  
such a recornendation should not  be included i n  a jo in t  
document. 

USSR group personally i n  


