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THE WHITE HOUSE

WASHINGTON

May 11, 1992 1117

Dear Mr. Pleasant:

I have received your recent letter requesting a meeting with
Professor Kazuo Furukawa of the Institute of Research and
Development at Tokai University in Japan to discuss Japan’s and
the world’s future role in the production of plutonium for the
utilization of commercial energy.

While I continue to be most interested in these matters since I
have come to the White House from the Department of Enerqgy, due
to the different kinds of assignments in which I am now involved,
I would like to suggest Professor Furukawa would be better served
by requesting a meeting with Dr. Allan Bromley.

As you are probably aware, Dr. Bromley is the Assistant to the
President for Science and Technology. I have discussed your
request with Dr. Bromley’s office and they would welcome hearing
from you.

With kindest personal regards, I remain
Sincerely yours,
W. Henson Moore

Deputy Chief of Staff
to the President

Mr. J. Paul Pleasant
President

Energy Frontiers International
11472 Ehren Street

Lake View, California 91342




Energy Frontiers International

) y z / J. PAUL PLEASANT, President

Henson Moore April 14, 1992
Presidential Advisor

The White House

Washington D.C.

Professor Kazuo Furukawa, Institute of Research and
Development, Tokai University is one of Japan's leading
nuclear physicist. He has taken a public leadership
role advocating that Japan, and the world, avoid the
production of plutonium in the utilization of commercial

nuclear energy.

Professor Furukawa is the leading exponent of THOREM-NES,
a Accelerator Molten-Salt Reactor concept utilizing
thorium. This concept will require a close cooperative

effort with the Oak Ridge National Laboratory.

Professor Furukawa will visit the United States in June
and has expressed a strong desire to meet with you,

or staff, in Washington D.C. on June 10 or 11.

Enclosed are copies of recent correspondence. The
correspondence reflects a developing international

interest in this nuclear energy project.

11472 EHREN ST., LAKE VIEW TERRACE, CALIFORNIA 91342 ¢ 818 / 890-4144




I believe it is most important to the long-term
interests of the United States that Japan avoid

an energy future based upon plutonium. I strongly

urge that Mr. Furukawa be granted a personal opportunity

to discuss his vision of Japan's energy future.
Please advise if this meeting can be scheduled.

Sincerely,

—

)}{/Paul Pleasant
President

ENERGY FRONTIERS INTERNATIONAL



Mr. J.Paul Pleacsant FaX : 818 890-433¢6
President,
Eneragy Frontiers International,
11472 Ehren St.,
Lake View Terrace, California 91342

U.S.A.

117th April, 1992

Dear Mr. Pleasant,

Thank you very much for your letter of 1st April, 1922, by
which I have been encouraged so¢ much.

Our movement is quite Sucvessfully orow1nq. We have prepared
a new Tokyo-office, and everything is progressing everyday. I cannot
explain simply. I have to see you as soon as possible.

Now I have decided to participate in "Citizen Ambassador
Program'": Nucl.Fuels Management Delegation te the Commonw. of Indep.
States (Moscow, Chelvabinsk, Kiev, Chernobyl), which will start on
13th June, 1892 from ew york.

CEsf Mg. Kathy White, FAX: 509-534-5245
Project Coordinator TEL: 509-534-0430
People to people Cit.Amb,Program
Dwight D.Eisenhower Building Honorary Chairman:
Spokane, Washington 99202 President George Bush

[ Half month age, I was timely elected as a Foreign Member of Ukrai-
nian Academy of science,]

Therefore, starting here on 31th May, and touching LLNL etc.,
I want tc see you on 3rd June, 1992 at Los Angeles. Is it all right
for you ?

After visiting ORNL [Director, Dr.Trivelpiece] including many
friends (hoping to sce Dr.A.Weinherg, tee), I want to see Mr.Henson
Moore onllth or 10th June at washington. (If impossible, to his

staffs !) I should be very much obliged if you would kindly help me
on it.

Locking forward to getting your reply and seeing you soon,

Sincerely vyours,
N s
a g 7

FURUKAWA

Prof.Kazuo FURUKAWA
Inst. of Research & Development,
Tokai University, FAX: 463-58-1203
Hiratsuka, Kanagawa 259-12,
JAFPAN




TOKAI UNIVERSITY
INSTITUTE OF RESEARCH & DEVELOPMENT

s

1117-Kitakaname, Hiratsuka, Kanagawa, 259-12 JAPAN
Phone 0463 58-1211 Ext. 228872289 §3¢¢C
F:'L',\’ i = P j 23

Mr. J.Paul Pleasant
President,
Energy Frontiers International,
11472 Ehren St.,
Lake View Terrace, California 91342

U.S.A.

9th March, 1992

Dear Mr. Pleasant,

Thank you very much for your letter of 2nd March, 1992 and
copies of letters indeed.

I am gquite waiting the successes of these actions. Please
report me soon by Fax [ 463-58-1203]. I also want to know your Fax
number, please.

Could you imagine now Japanese are also quickly understanding
our opinion (good for all peoples) among top peoples or opinion
leaders.

teaa ‘\(lp.-(

My next essay witi—be published tom0f¥ew on the leading
NewsPaper: ASAHI (5 M copies ?) much discussing on Pu: "Let extingu-
ish the fire of Pu", they chosen this title. On 1st March, timely,
Mr.Torii, a Editorial Writer of Japan Economy NP[Nihonn KEIZATI]
presented quite clear essay: '"New Nuclear Energy Way'", quite follow-
ing our way, he said, and really Ministry Foreign Aff. & Tokyo ELec.
Power Corp. are appreciating these proposal now.

Asahi also wrote a similar editorial on 22th Feb. titled "Re-
examine the Pu policy'". Therefore I sent them the above second essay.

Tokyo E.P.Co invited me on the end of this January.

I am meeting with Mr.K.Tanigawa, Minister of Sci.Tech. Agency on
10th March. Socialist Party has invited me for a lecture to rebuild
their energy policy on 18th March.

Looking forward to seeing you near future,
Sincerely yours, :
/ =

P.S. Please tell me your Fax number and the air-port for seeing you.
(How to go there ?)
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TOKAI UNIVERSITY
INSTITUTE OF RESEARCH & DEVELOPMENT

s

1117-Kitakaname, Hiratsuka, Kanagawa, 259-12 JAPAN
Phone 0463-58-1211 Ext. 22982299 €300
Jiox ‘v - (203

Mr. J.Paul Pleasant
President,
Energy Frontiers International,
11472 Ehren St.,
Lake View Terrace, California 91342

U.S.A.

18th February, 1992

Dear Mr. Pleasant,

Thank you very much indeed for your letter[and beautiful
stamps] of 14th January(February ?), 1992.

Your statements all are quite agreeable and encouraging me. I
am sorry for my silence , but I did a lot for Th. Partially I shall
report you, as Th is on time:

0) Please tell me your Fax No.. Mine is 463-58-1203.

1) Th fuel cycle promotion by HTGR is natural for USA. However, the
age is shifting, and really a new era. Your country has the base of
MSR tech.. Comparing them, HTGR is an incomplete set, especially
concerning "fuel processing"”, really. I discussed severely on it
with Professor Schulten[Julich] 3 years ago, and off course, with
other severals including EdF chief engineer (cf. II-5 section of our
blue book prepared by the help of EdF.).

2) So long I am hoping for DOE to move on MSR development using
ORNL, with which I have a deep connection as you know. I prepared a
very easy approach than ORNL-MSBR, and can distribute all over the
world. I enclosed our newest report here. ORNL peoples are
supporting me.

I am very happy if you would couple with me = to prepare the
international coopo.system for th-MSR development. Would you please
explain our idea to Mr.Henson Moore[ what is his previous career
?], because the several groups in the world are more and more
supporting our proposal:

3) For example:

Now Russian Inst.for Theo.& Expmtl Physics, Moscow [2500
persons, responsible for N.Weapon head incineration] is officially
coworking in our direction.

Turkish Atomic E.Authority President presented his hope to
study more on our system cooperatively (already progressing in
partial). Please understand it means that this tech. is very
attractive for developing countries, too. In recent, India,
Indonesia, Czecho., Israel, --- are hoping to know more.

Will you know a week ago Indonesia nearly gave up PWR after




long examination choosing coal.

Japan 1is now more understanding the difficulty of LWR

siting. Two days later (20th Feb.) the Japanese biggest conservative
Newspaper "YOMIURI" is publishing an invited energy essay of mine in
9 million copies.
4) I have to explain more in detail. Could we meet together near
future ? Where is your town ? Last year I missed to visit USA, but
this year have to go, at least visiting LLNL, EPRI, Los Angeles,
LANL ?, ORNL, Tennessee Univ.. Which period is suitable for meeting
you ?

Would you have a connection with the former President Carter,
who was a reactor fuel engineer and really promoted to use Th than
Pu strongly !( I am also not impossible to find it.) Senate of
Tennessee (who) should move to use ORNL more for not only USA but
also the world, don't you ?

I shall move more now. Please help me.

Looking forward to seeing you near future,
Sincerely yours,

///%;2§Kq¢.’ffwvfé;;w
#Kazuo FURUKAWA?Q

P.S. I heard that Dr.Clark Gibb, the head of ETEC, Canoga Park, has
an interest on MSR. More than 20 years ago, I had a deep connection
with LMEC and Atomic International. I am writing him, too.
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SUMMARY REPORT

Thorium Molten-Salt Nuclear Energy Synergetics

Kazuo FURUKAWA#*!, Alfred LECOCQ*?, Yoshio KATO**
and Kohshi MITACHI**

* Institute of Research & Development, Tokai University
** European Working Association for Molten-Salt Reactor

Development [EURIW A]

** Fuels & Materials Research Div., Japan Atomic Energy

Research Institute

** Department of Engineering, Toyohashi University of Technology

Received February 26, 1990

In the next century, the “fission breeder” concept will not be practical to solve the global
energy problems, including environmental and North-South problems. As a new measure, a
simple rational Th molten salt breeding fuel cycle system, named “Thorium Molten-Salt Nuclear
Energy Synergetics [THORIMS-NES]”, which composed of simple power stations and fissile
producers, is proposed. This is effective to establish the essential improvement in issues of
resources, safety, power-size flexibility, anti-nuclear proliferation and terrorism, radiowaste,
economy, etc. securing the simple operation, maintenance, chemical processing, and rational

breeding fuel cycle.

As examples, 155 MWe fuel self-sustaining power station “FUJI-II”, 7 MWe

pilot-plant “miniFUJI-I”, 1 GeV-300 mA proton Accelerator Molten-Salt Breeder “AMSB”, and

their combined fuel cycle system are explained.

KEYWORDS:

energy demand, thorium, molten salts, fluorides, fission reactors,

nuclear power plants, fissile producers, accelerator breeder, breeding fuel cycle,

safety, research programs
R+ D

I. INTRODUCTION

The next (21st) century will be a tran-
sient period from fossil fuel era to solar era
through nuclear energy. The present fossil
fuel technologies induce, not only severe
global environmental problems, but also re-
gional difficulties connected with the effective
and economical energy supply, which is
necessary to overcome poverty and desertifi-
cation, 7.e. North-South problem.

However, the future nuclear energy tech-
nology as a measure of global problems in
the medium and long terms such as 2020~
2070 will not be established merely by some
extensions or improvements of present tech-
nologies, due not only to recent several trou-
bles of nuclear facilities, but also to the huge
increase in amount of nuclear energy capacity

such as 100 times more than the present,
which means a need of 100 times safer tech-
nology ‘.

This might require a technological revolu-
tion or a new philosophy on the following
issues keeping deep connections among each
other: (a) nuclear resources, (b) breeding fuel-
cycle, (c) safety, (d) radio-wastes and their
incineration, (e) nuclear proliferation and ter-
rorism and (f) public and institutional accept-
ances related not only with the aboves, but
also with the technological simplicity, flexi-
bility and economy in the global applications.

A “nuclear energy system” should be a

*! Kitakaname, Hiratsuka-shi 259-12.

*2 11 Av. Dr. Vaillant, 91940 Gometz le Chatel,
FRANCE.

*3 Tokai, Ibaraki-ken 319-11.

*4 Tenpakucho, Toyohashi-shi 440.

-




1158 Thorium Molten-Salt Nuclear Energy Synergetics  J. Nucl. Sci. Technol.,

“nuclear chemical engineering facility”, and
essentially a “chemical plant”. Following on
this sense, more rational nuclear energy sys-
tem should be developed for the global energy
measure of the next century, fully re-examin-
ing the scientific and engineering efforts
devoted in this century.

II. ENERGY PROBLEMS
IN NEXT CENTURY

1. Global Energy Demand®

The growth rate c¢f energy consumption
in the world was about 2.3% per year in the
past one hundred years. It means about 10
times increase after one hundred years. If
this growth rate is also applied in the next
one hundred years, the total energy demand
surrounding the end of the next century will
amount to about 115 TWth (th=thermal), which
is about 9%x10-*9%; of the total solar energy
input to the globe. The latter value is almost
the limiting value of 0.19, which is estimated

by some specialists considering the influence
on the world climate. Thinking of the local
abnormal weather, about 100 TWth seems to
be a sound maximum heat emission to the
atmosphere.

At the end of the next century, there is
a consensus that the world population may
be saturated at the value between 10 and 15
billion. This means about 10 kWth or 7 kWth
per capita on an average corresponding to
the 2 times (10 billion) or 3 times (15 billion)
increase in the world population, respectively.
This level is still less than that of the present
USA, which is about 10 kWth per capita.

Therefore, at least, this energy demand
should be satisfied in the next century of the
world. This is the target of this report. An
anticipating global energy demand in the next
century is summarized in connection with the
prediction of the population in Table 1,
which includes an average energy consump-
tion per capita, too.

Table 1 World energy demands in next century =

population energy* (nuclear)*3 energy per' capita
(TWth) (GwWe] [KWth/cap])
1988 5.1 B 9. (200) 1.8
2000 6. B 11.8 (300) 2.0
2035 8. B 26. (2,700) 3.3
2050 10. B 3% (6,000) 3.7
- 2065 12. B 52, (13,000) 4.3
( 2100 10~15 B 118, (30,000) 12~7.6 )

(=0.09% of sc>].a::)"’2

*) assuming the average growth rate of 2.3 % per year.
*2)assuming less than 0.1 % of total solar input energy to earth, which
would be a limit allowable in climate and environmental influence.

*3)assuming from the prediction by Mafchetti et al., IIASA (2].
r

If a sound industrial trend in energy sup-
ply is held in the next century, it will conform
to the logistic prediction made by Marchetti
et al. as shown in Fig. 1, where the amount
of primary energy is plotted as fraction “F”
of the total energy market. The dotted curve
of nuclear (fission) energy is added by the
authors. The total electric capacity of the
nuclear fission energy will become about 300
GWe in 2000, about 2,700 GWe in 2035, and
about 13,000 GWe in 2065 as shown in Table 1.

2. Nuclear Proliferation and Terrorism

For the improvement of this issue the Pu

fuel cycle strategy should be criticized, and
Th cycle would be recommended due to the
high r-activity of polluted fissile ***U, which
is effective for the safeguard and detection®.

3. Environmental Problem

This significant nuclear energy growth
rate presented here seems to be necessary not
only for securing the healthy, cultural and
economical life, but also for reserving the
sound environmental conditions in the world
by the diminution of pollution including the
“Greenhouse Effect” ¢, although the solar
energy utilization could become more impor-

.
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Fig. 1 Historical trend in energy substitution

tant toward the end of the next century

because of the limitation on heat emission

(cf. the item (*2) in Table 1).

4. Radio-waste

In this issue pure fusion technologies will
have some advantages. However, it should
be recognized as a long term program, because
the energy gain even in the DT-fusion reac-
tion is about one tenth of fission reaction
which need not any essential energy input.

In fission energy program, the following points

should be considered for the radio-waste

minimization :

(i) Minimization of nuclear chemical pro-
ductions such as fission and spallation
products, and trans-uranium elements: A
higher thermal efficiency in electric gener-
ation will contribute to minimize F.P.
production. Thorium fuel cycle will have
a big advantage to minimize or eliminata
trans-uranium elements.

(ii) Mimimization of spent fuel materials:
All irradiated fuel material should be fully
used as far as possible and not be easily
sent to graveyards. They should be fully
burned out establishing a complete breed-
ing fuel cycle (¢f. Chaps. M & V).

(i) Minimization of fuel reprocessing steps
and of reactor maintenance works. B
5. Doubt on “Fission Breeder’ Concepts
It seems that the establishment of fission

breeders such as LMFBR is a world’s con-

sensus as one of the better solutions of ener-
gy and environmental problems. However,
this concept might yield not only economical
difficulty® but also several practical misfits
related to public requirements®. Numerical
examination is shown in APPENDIX.

(@) The first problem is a doubt whether
the reactor could achieve the necessary
growth rate as shown in Table 1, due to
its low breeding power. This has been
examined applying the following scenario
acceptable as a sound example : all reactors
until the year 2019 are thermal LWR of
1GWe producing 0.25t/yr of Pu, and all
renewed and added reactors after 2020 are
1GWe LMFBR, which need 5t of Pu
for initial inventory. This concludes the
necessity of a very short doubling time
such as 6~8 years in fissile breeding, and
fully prepared reprccessing plants. These
seem to be impossible.

(b) Power stations should be simple facili-
ties, flexible in power size, responding
the natural demand of world utilities. It
would not be acceptable that all stations
become sophisticated large high-perfor-
mance LMFBR.

(c) The integrated Pu inventory necessary
for FBR in minimum would be 11,000 and
28,250t at 2036 and 2049, respectively.
Handling and transportation of such a
huge amount Pu would be fatally trouble-
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some. (In practice, the shortage of Pu will

appear at 2037 even using FBR of 20 years in

doubling time.)

Molten-Salt Breeder Reactors (MSBR)

-such as designed by Oak Ridge National

Lab. (ORNL), USA® also will not be ac-

ceptable by the items of (a) & (b) due to

the long doubling time of about 20 years.

6. Establishment of More Practical

Breeding Fuel-cycle

The fission energy technology holds an
unique position due to its nature of “energy
rich” ard “neutren pocr”. The latter wil:
require -helps from the other nuclear tech-
nologies such as nuclear spallation, D-T fusion,
etc., to get enough fissile materials to establish
real “breeding fuel cycle” (¢f. Chap. \VI).

7. Basic and Engineering Safety

The significant improvement such as 100
times better than the probability of the pre-
sent level of 10-* severe accident per reactor-
year operation will be required to avoid total
refusal by public®?. The following points are

J. Nucl. Sci. Technbl.,

essential : simplicity in operation and mainte-
nance, flexibility in power size, approach to
civilian life area, and essential improvement
in economy.

This might be established only by the essen-
tially new safe reactor concept composed of
chemical inert fluid-fuel, which has no radia-
tion-damage, negligible excess nuclear-reactiv-
ity (nearly no control-rods), and low power
density in value without harming its economy.
[High Temperature Gas-cooled Reactor or
Pebble-Bed Reactor which are more acceptable
in safety issue than the other solid fuel
reactors would not be suitable for establishing
a breeding fuel cycle, too.]

II. NEW PHILOSOPHY :
THORIMS-NES

THORIUM MOLTEN-SALT NUCLEAR

ENERGY SYNERGETICS

Now, to solve the several energy problems
shown in Chap. I and Fig. 2, a new philos-
ophy§should be proposed to the public. The

\

TECH. PROBLEM --=--===nnn > ACHIEVABLE SOLUTION
RESOURCE(security)
U : localize, monopolize |[NEW_FISSION TECHNOLOGY|

SAFETY
global - environmental

global,pépular

high therm.efficiency

fossil thermal pollution \
acid rain no NO, & SO, (& co,] [I}
"Greenhouse" effects CH, reform to Hy \ Th 433y
nuclear Trans-U (Pu, Am, Cm] no production Y CYCLE
Kr, Xe, T complete trapping AN '
low level waste minimize(few mainte. A
social - nuclear proliferation : \“
and terrorism 9831," & incineration ﬁ‘*
Pu (no gamma]) U (high gamma] (I1)
basic chemical reactie chemical |inert —= =~ > MOLTEN-FLUORIDE
{mechanical failure low pressure & flow =7 -7 FUEL
nucl.excess reactivity negligible &
’ * [fuel self-sustain.)
engineering configuration
complexity operation simplicity
[solid fuel)|maintenance (fluid fuel)
fuel processing
core melt-down, recriticality no occurrence.
[I1I)

BREEDING FUEL-CYCLE
cycle completion-difficult

doubling time - long >10 y
POWER STATION

siting -restricted

power size -large

process-heat supply

simple salt cycle
5~10 years

small ~ large

near to utility }
indust., district

SEPARATION of
fissile-breeding &

power generation

Fig. 2 Global energy problems and achievable solutions by
New FISSION TECHNOLOGY [THORIMS-NES]
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new proposal depends on the following three
principles :
[I] Thorium utilization

Natural Th has only one isotope: **Th,
which can be converted to the fissile **U in
the similar manner as ?**Pu converted from
#*J. Thorium is more abundant and non-
localized resource than U.
[OI] Application of molten-fluoride

fuel technology

The molten salt 'LiF-BeF, (Flibe—named by
ORNL) is the significantly low thermal-neutron
capture cross section material (cf. Table 2) and
the best solven. uf fissile and fertile materials.
This functions as one of the best liquids use-
ful for nuclear fuel, blanket or target keeping
coolant function in parallel.

Table 2 Natural elements and practically sep-
arable isotopes having tiny thermal
neutron absorption cross-sections

(natural " cross-section

abundance) m barn  (natural element)
1.1 g0 0.19
2. 31 (D] (0.0148%) 0.519 (4E 332.6)
.| & 3.53 N
4. (80.0%) 5.5 (5B 767,000)
5.| gHe 6.9
6.| ,pe 7.6
| o 9.6
8. | 3Bt 3.8
9. | yohe 3.
10. | 7y (92.5%) 4s.4 (314 70,500)
15. | 402t wes. [, m © 3326
16. | 15AL M. {67, ,  33s00.

.[M] Separation of fissile producing
breeders (process plants—MSB)
and power producing reactors
(utility facilities—MSR)

It will be essential for the global establish-
ment of breeding fuel cycle flexibly applicable
in any area.

This philosophy was named as “Thorium
Molten-Salt Nuclear Energy Synergetics”
[THORIMS-NES]®®®  Its main benefits
will be briefly understood from the summary
in Fig. 2.
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IV. SIGNIFICANT ASPECTS OF
MOLTEM-SALT REACTOR
TECHNOLOGY

1. Molten Fluoride Fuel Concept¢®

Some brief historical presentation of sig-
nificant studies on MSR concept are given in
Fig. 3. MSR is classified to fast, epithermal
and thermal reactors according to the kinds
of neutron spectrum utilized. Fast or epi-
thermal reactors not having any solid moder-
ators might have more attractive due to the
simple structure and high performance. How-
ever, it seems that no one has succeeded to
present any practical designs yet. Fluoride
salt fueled thermal MSR would be the most
promising reactor concept.

The “Flibe (LiF-BeF,) base molten-salt
fuel” concept has already been established its
sound technological basis by the brilliant long
effort. of ORNL, throughout 1947~1976. It
depends on the successful operation of MSRE
(Molten-Salt Reactor Experiment, 7.5MWth) in
1965~-1969, and on their intensive R &D
works on MSBR (1963~1976)”. The excellent
final summary on ORNL works could be found
in ORNL/TM-7207¢*, The short explanation
will be given below.

However, the practical deployment of
MSBR is not easy because of the following
difficulties: (a) necessity of core-graphite ex-
change in every 4 years, (b) development of
continuous chemical process in situ, and (c)
necessity of improving doubling-time from the
present estimation of 20 years, and (d) flexi-
bility in power size (¢f. Sec. II-5).

‘Now, the principle [Il] should be accepted.

2. Flibe-base Molten-Salts

The molten ’LiF-BeF,-**ThF,-**UF, sys-
tem will be one of the better and idealistic
nuclear materials as a carrier of Nuclear
Energy Synergism due to the following char-
acteristics :

(1) A triple-functional medium working as
A. nuclear reaction medium—fuel,
blanket and target
B. heat transfer medium—coolant
C. chemical processing medium.
(2) No radiation damage as an idealistic
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THERMAL
(fluorides;
graphite—-moderator)
Ferguson, 1950
NaOH-UOzsuspension
Dayton,Chastain, 1952
"LiOH(D)-*22U0.

EPITHERMAL
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Sviss:Taube, 1960---
Na(X)Cl1-(U,Pu)Cls
USA: Alexander,1964

U.K.: Dawson,Moore, 1966

Sviss:Taube, 1967

"LiF-BeF1-Zrf(-**3UF internal boiling cool
Rosenthal ,1967-73/6 ¢ AIC1, or Hg
(associ.Kasten,67-70) India :Sood--->0RNL, 1970 . . .
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Furukava et al.,1884— Kurchatov A.E.Inst. ORNL: Uri Gat, 1985 >~ [nertial-F.Il.N.S.B.
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"LiF-BeF z-ThFa=233UF , Novikov,Blinkin no graphite Tokamak H.M.S.Breedsr
no exchange of graphite continu.chea,process
no continuous chem.processing Legasov conversion ratio~1.0
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Pilot-Plant (7H|ie) »iniFUJI, 1887
bree> THORIMS—-NES <

Ikuta,Furukava, 1987

-—--> (Thorjum Holten-Salt Nuclear Energy Synergetics) <--
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; Impact-Fusion M.S.B.
f
H

simple fuel

cycle

Fig. 3 Historical presentation of Molten-Salt Reactor cox{cepts

“jonic liquid”. )

(3) High safety and economy assurance
promised by chemically inert, low vapor
pressure, moderate viscosity and thermal con-
ductivity, and high heat capacity in fairly
high working temperature (770~1,070 K).

Sodium technology has three severe dis-
advantages such as (i) high chemical reactiv-
ity, (ii) high thermal shock, and (iii) oxidized
vapor condensation in gas spaces, different
from molten salt technology.

Molten-Salt technology is much easier than
water (high pressure, corrosive and reactive with
Zircaloy) and Na technologies.

3. Graphite

Graphite is the best material for neutron
moderator and reflector in MSR (cf. Table 2),

and is really compatible with molten fluorides
in bare state. This is a great benefit in
designing MSR. The satisfactory materials
have been developed by the efforts of USA
and France¢".

4, Containment Materials

Fortunately, an easy manufacturable, weld-
able and high temperature resistant (till ca.
‘1,100 K) alloy compatible with molten fluorides
has been developed basically according on the
proposal of Dr. H. Inouye, ORNL. This alloy,
Hastelloy N (Ni-(15~18)Mo-(6~8)Cr in %), has
been modified by adding about 1% Nb for the
protection of Te attack on surface. This was
experimentally supported by Kurchatov Insti-
tute'®,

This alloy needs not to be introduced in

200 .




- - ¢
Vol. 27, No. 12 (Dec. 1990)

with the advantages of MSR technology
on the chemical inertness, low thermal
shock, and no oxidized vapor condensa-
tion.

The MSRs including above mentioned
small MSR might keep an excellent perfor-
mance as effective partners of Fissile-produc-
ing MSBs in order to establish the practical
THORIMS-NES all over the world including
the developing countries and isolated areas.

4. R&D for AMSB

In parallel, MSBs, especially AMSB will
be developed by the rational procedure in-
creasing the proton current in step-wise during
20 years, aiming the wide application from
about 2020.

The first experimental research works on
the spallation products and heat generation
have to be recommended including the proton
irradiation analysis of solidified salt targets
in big size such as 50~80 cm in diameter and
150~250 cm in length. After these examina-
tions our preliminary design features could
be very much improved due to their big
flexibility. As the technological basis of
AMSB is clear except the proton injection-
port, it will be able to develop within 20
years by the stepwise improvement of test
facilities (¢f. Chap. X). The economy of AMSB
depends on the recovery of electricity.

Already 1GeV-1mA cw (continuous wave)
class proton LINAC technology and basic
molten fluoride reactor technology have been
developed. The new items necessary for
engineering developments of a small integral
experimental facility AMSBE (Accelerator
Molten-Salt Breeder Experiment) will be quite
few, because we can start using pure molten
- Flibe (LiF-BeF,) of low melting point and low
vapor pressure and using a low intensity
1GeV pulsed proton beam initially, As a
next stage nuclear material contents and beam
intensity can be stepwise increased in the
same facility, in the rational and economical
mood. The general idea of R&D schedule
including MSR is shown in Fig. 8.

The R & D of the spallation breeder AMSB
would be surprisingly low in cost ($4~8B)
and short in time (15~.25 years) in comparison
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with the other similar breeding system devel-
opmental projects, promising the wide global
application in 2020~2070¢»ananas

XI. CONCLUSION

We have tackled one of the most promising
approaches for establishing the simple and
practical Thorium resource utilization pro-
gram, which might be effective to solve
the principal energy problems, concerning
resource, safety, nuclear proliferation and
terrorism, greenhouse effect, power size and
fuel cycle economy, for the next century.

The first step will be the development of
Small Molten-Salt Reactors (MSR). Its basic
technology has been established by ORNL
already, and, therefore, its R & D cost would
be surprisingly low. The next is the devel-
opment of Molten-Salt Fissile Breeders (MSB).
Our proposed MSR is an effective partner of
MSB for establishing the simplest and eco-
nomical Thorium molten-salt breeding fuel
cycle system named THORIMS-NES all over
the world, including the developing countries
and isolated areas, for solving poverty, 7.e.
North-South problem. This would be one of
the most practical replies to the Lilienthal’s
appeal of “A NEW START” in Nuclear En-
ergy. by encouraging “a revival of positive
and affirmative fighting spirit” of scientist
and engineers®?®,
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D. Allan Bromley

Assistant to President, Science and Tech. Policy
Office of Science and Tech. Policy

Executive Office Building

Washington D.C. 20506

Dear Mr. Bromley:

Mr. J. Paul Pleasant, President of Energy Frontiers
International, and Mr. Pete Wells, a constituent of mine,
recently contacted me about the possibility of having Professor
Kazuo Furukawa, Institute of Research and Development, Tokai
University, meet with you. Professor Furukawa is interested in
discussing Thorem-ness, his molten-salt reactor concept which
utilizes thorium.

It is thought that the use of thorium in molten-salt reactors is
an effective process and avoids plutonium as an end product.
Professor Furukawa’s believes that, to be successful in this
endeavor, his concept will require close cooperation with the Oak
Ridge National Laboratory. It is this concept and development of
a cooperative that he would like to discuss with you.

Professor Furukawa will be in Washington, D.C. on June 10 and 11 ;
199z. I would greatly appreciate it if you could grant
Professor Furukawa an opportunity to discuss his ideas with you.
He may be reached via Mr. Paul Pleasant at (818) 890-4144.
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June 1, 1992

TO: Karl Erb
FROM: Lee Schroeder
RE Background + Recommendation Doc. #: 9201603

(Particle Acceleration via Lasers)

The letter to DAB from Dr. Mahir S. Hussein (Universidade de Sao Paulo) contains 2
preprints (The Super Collider Revisited and Theory of Free Wave Acceleration) + a copy
of a published article (Phys.Rev.Lett. 68,1136 (1992)) on the acceleration of charged
particles using a laser and transverse static E-field.

Specific to the preprint on the SSC, the preprint suggests using their technique + strong
superconducting magnets (10T) for transport/focussing to construct an accelerator 20X
smaller than SSC. Relevant to this is the following:

o they are talking about a linear collider, not circular machine

o the spot size is several mm’s, rather than microns needed for luminosity

0 my own opinion + discussions with Andy Sessler (LBL-advanced accelerator
techniques) indicate that decade or more R&D needed to make such a device
work at the luminosities required by the SSC (ie., 10E33).

Recommended response: Letter, under my signature, thanking authors for papers; brief
statement of time-scale to convert concepts to real device and wish them well in
their continuing research.
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Prof. D. Allan Bromley —
Science Advisor oW §
The White House
Washington D.C.
USA

April 15 1992

Dear Professor Bromley

I am pleased to send you some very recent articles
containing ideas developed by our group here and also with the
collaboration of Prof. A. Kerman concerning particle accelera-
tion using powerful lasers. We predict quite smaller accelera-
tors for very high energy physics.

Hope to hear of your opinion soon, I remain

Yours sincerely

ok . S

/Mahir S. Hussein




THE SUPER COLLIDER REVISITED+

M.S. Hussein and M.P. Pato

Nuclear Theory and Elementary Particle Phenomenology Group
Instituto de Fisica, Universidade de Sao Paulo
C.P. 20516, 01498 Sao Paulo, S.P., Brazil

Abstract

We suggest a revised version of the Superconducting Super Collider (SSC) that

employs the planned SSC first stage machine as an injector of 0.5 TeV protons into a

powerful laser accelerator. The recently developed Non—linear Amplification of Inverse
Bremsstrahlung Acceleration (NAIBA) concept dictates the scenario of the next stage of
acceleration. Post "Star Wars" lasers, available at several laboratories, can be used for the
purpose. The 40 TeV CM energy, a target of the SSC, can be obtained with a new ?

machine which can be 20 times smaller than the planned SSC.

* Supported in part by the CNPq
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The SSC as presently planned purports to accelerate protons to 20 TeV in C.M.
collider apparatus. The eventual aim of this gigantic project is the verification of the
existence of the ever so elusive Higgs boson predicted to have a mass of > 50 GeV . The
dimension of this planned machine is, as is already known, colossal, with an estimated cost
of several billions of dollars. Clearly the physics dictates the cost. However, one still
wonders about possible cheaper alternatives. In this communication we propose a new
accelerator that could reduce the dimension by more than an order of magnitude.

In a recent paperl) , we proposed the non—linear amplification of inverse
bremsstrahlung electron acceleration (NAIBEA) as a way of accelerating electrons to a
very high energy with the aid of powerful lasers which are available at several laboratories,
in conjunction with an optimally determined applied electric field. Similar effects are
obtained with an applied magnetic field?. In the work of Hussein and Patol), the initial
electron energy was taken to be about 35 MeV . To obtain similar effects with protons
one would need an initial energy of about 70 GeV and a laser 10* more potent than the
one used in Ref. 1.

Our proposal for a smaller Higgs machine is to inject protons with about 500 GeV
energy (proton initial velocity vy/c = f, = 0.999998), which is the energy attained in the
first stage of the SSC, in conjunction with a poweful laser (say of a power of
6.6 x 1020 W/cm? for a wavelength of ~ 5 x 10° m). The laser wave would merely pump
and subsequently remove a very large amount of energy into/from the protons. In fact,
during a half cycle interaction with the laser, the protons are accelerated to about 1 TeV
within a distance of T% A = 25 meters. No net energy is gained in a full cycle encounter
with the laser. In the process of pumping/removing energy into/from the protons, the
proton energy oscillates. To obtain net acceleration, one would require to change the
maxima in the proton energy into inflection points. This is obtainable with an appropriate
field. Significant acceleration can be obtained

applied electric, E or magnetic, B

app’

app’
(up to the TeV regime) with an array of E,  or B,,, with interchanging signs placed in




optimally determined positionsl’2).

The dimensions involved are not as great as those in
the planned SSC machine. We now turn to a detailed analysis of the proposal.

To reach a proton energy of 20 TeV we need, an array of applied magnetic field of
an intensity of about 10 teslas. The sign changes of this field are made at macroscopic
distances dictated by the requirement that, the particle is well contained in the transversal
direction py(gp =nr) =0 where ¢ is the laser phase. These features of the physics
become particularly transparent if we look at the equation of motions when the motion is

1)

ultrarelativistic in the z—direction,
b, = e b, (B +B,p,) (1)
by ==¢ 8, By (2)

and the energy equation (¢ = < in unit of the rest mass of the particle)
y=eB,ED¢c . (3)

In the above equations, E§,O) = B,((O) is the laser electric field intensity and f; = % . The

applied constant magnetic field in the x—direction is Bapp .

Now the solution of the above equations can be expressed in the form

€ =p~eB,,y+ 1y (4)

0
py = p§, )o- eBappz (5)

p=1+p§'_eeBapp3'+uo)2 (©)
‘ 2(e Bapp y + uo)




In Equation (4), u, is a constant determined from the initial conditions; wu,=

% (1 = B, cos §,) where @, is the injection angle.

It is obvious from Eq.(4) that to make € increase, B,pp ¥ must be made positive(< u )

From obvious arguments y is oscillatory so as to keep the particle in the path of the laser
pulse. This means that p, is also oscillatory. Thus B,pp z must oscillate. Since z is
always increasing, one naturally reaches the conclusion that B, should change sign at
appropriate z,s , dictated by the machine characteristics.

Now the change in energy of the protons in the first stage of acceleration is given

byl)

e E§2),\ m c2y, B, sin 6, + 7-E(O)

Ae = -

% Bo mc? (1 + S, cos 6,)

Y+ B 42 m? c* sin? g,

(7)

where the laser electric field is represented by E§0) = E)(,g) sen ¢, ¢ being the phase and
A the wave length, and 6, is the injection angle of the protons (cos §, = y,-2,). The over
all change in energy, A e;, of the proton after n inflection points (generated by n

alternating sign magnetic fields (or electric fields)), is then, for 7, » 1,

e E§,0)/\ 2sin  0y(14cos 6,)
Aeg, = nAe ~n o7
1 + % sin? 6,

or

2sin  0,(14cos 6,)

(A7); = n-B- "%
! 1 + 7% sin? 6, ’

where we have introduced the laser parameter B=e E}(,O) A/2rmc?. If we take
Y% =500, n=20, ,=0.1°,and B = 0.5, we reach the value of Ae;~ 20 TeV .

The important question we address ourselves to now is how long the accelerator




tube will be. This is determined primarily by the intensity of the applied field Bapp , and
the injection angle 6, among other things such as the Doppler effect mentioned earlier.

To quantify the above discuss ion, we have used the NAIBA model to calculate the
length of the proton accelerator taking for 7, = 500, Bapp = §5.14 » 107 Egg),
P=6.6x10W/ecm?, A=5x10%cm and 6,=0.02. A laser pulse of a Gaussian
shape with a width of A =37 is employed. The result are shown in Figure 1. The
applied magnetic field was made to change sign 11 times along the accelerator tube. The
length of the accelerator tube, Az, needed to reach 20 TeV energy is about 3.0 km . This
value is consistent with the slightly improved version of the estimate made by HPK2),

namely
Az~ 293 (1+ ) n A/(1+ B2 %) 9)

where 13 is the intensity of the laser pulse's vector potentialQ), and By is an average
value of the y—component of the particle velocity.

It is very important to realize that the over all characteristics of our machine is
strongly dependent on the values of the available variables. An extensive analysis of
optimization must be made in order to reach final conclusions concerning the size of the
accelerator (as small as possible), the final energy of the protons (as high as possible), the
laser and applied field intensities (as low as possible) and the injection angle, 6, .

The new SSC which we are proposing here consists of two injectors of 0.5 TeV
protons some 6.0 km apart. The protons are injected into two NAIBA linear accelerators
of 3.0 km in length that face each other. The resulting collider energy in the center of
mass system will be the same as the proposed 100 km circular collider. Clearly many
questions remain to be answerd. The most important to our mind, is the luminosity of the
beam which should be about 1033 cm™s. Since the luminosity is inversely proportional to

the intersection area of the two beams, this requires a very small beam cross—section area.

In turn this implies a very small laser transversal extension. Our calculations indicate that




the proton dispersion in the y—direction is in the range of few mm's. This must be made
smaller, possibly by using a combined applied electric and magnetic fields.
In conclusion, we have proposed in this paper a new linear super collider that is 20

times smaller than the planned SSC. The basic components of our proton accelerator are
Y

m b
~ 10 teslas) with

two 0.5 TeV  proton injectors, two very powerful lasers (P = 6.6 x 1020 2
K=15%107 cm) and an array of (~ 22) several powerful magnets (Bapp
alternating signs. The values of these parameters can be easily changed to better the
optimization of the machine. The question of radiation damping, an important one not

considered here, will be discussed in Ref. 3).
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FIGURE CAPTIONS

Fig. 1: The relativistic factor, 7 vs. z. A Gaussian laser pulse with a width of

A = 3 is used in the calculation (see text for details).
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Laser acceleration of particles, has been the focus of significant attention in the last
few years. Recently, two of us? have proposed a method of linearly accelerating electrons
with the aid of a powerful laser coupled to an optimally determined static electric field
which is made to change sign at appropriate places along the accelerator. With initial
electron energy of 35 MeV, a laser power of 10' W/cm? for a wavelength of 10 yum and
an applied field intensity of ~ 10 that of the laser intensity, we predicted a final electron
energy of, say, ~ 400 MeV if three inversions of the static field are made along an
accelerator tube of a length of about 3 meters! The advantages of such a machine
obviously calls for a more general discussion concerning how optimum the set up is and the
dependence on the laser parameters as well as the nature of the applied field.

In the present paper we develop a very general formulation of the problem that
allows both semi—analytical and numerical answers to the above questions. Before entering
into details, we first give some general remarks concerning the new acceleration principle
which we called non—linear amplification of inverse bremsstrahlung electron acceleration
(NAIBEA) in ref. 1). First, the new machine is meant to be a very high energy booster;
the initial particle energy should already be highly relativistic. The reason is very simple.
What sets the macroscopic scale of the machine is basically the Doppler shift of the laser
wavelength as seen in the particle rest frame. Calling the laser wavelength ), and, the
velocity of the particle v, then the shifted wavelength obtained with the appropriate

Lorentz transformation is

1/2
A=A [r_ﬁ;a] ; By = volc - (la)

Whereas A, is microscopic (um's), A becomes macroscopic (cm's) if f, is close to unity.

The distance Az travelled by the electron in the laboratory during a one cycle encounter




with the laser is then

B
Az = vy(\e)y = Aol—_‘)% : (1b)

Clearly Az is one of the quantities that would decide the size of the accelerator.

Secondly, the rate of change of the particle energy is determined by #-E and thus
to keep the particle gaining energy from the laser, #-E should be made always positive.
This calls for another degree of freedom to couple to the system. A possible simple form
for this extra degree of freedom, was found in Ref. 1) to be an array of applied static
electric field with interchanging signs placed at appropriate positions along the accelerator.
Clearly a more general form for this degree of freedom can be found that would make the
machine more efficient. A combination of electric and magnetic fields, not necessarily
static could be one of the chofces. To better determine the nature of the applied field, one
needs an equation, which we now turn our attention to its derivation.

To simplify the presentation, we consider the units of mass in mc?, the vector
potential A in mc/e, the distance x in 1/k , where k is the wave number and time, t
in 1/w; w being the frequency. We take the direction of wave propagation and particle,
acceleration to be along z. The Hamiltonian of the system, particle + laser + applied

field is (note that we are working in the temporal gauge)

— A )2+ (P

X

H:J1+P§+(P ,— A = 7 (2)

in our units.

-+ 2(0 -+ - 3 -+ > -+
In Eq.(2) A=A0(%t—2) + & _ (t2). Then Eu;}—A and B, =7VxA

app( app app

are the external applied fields which add to those of the traveling laser pulse Z\(O)(t—z) :




Hamiltons equations follow from Eq.(1), i.e.

p,=-%; b =0, P, =0
(3)
N BV S GO
RS Ty at at
Futher reduction of P, gives
_P -k |aAD 4R
P = 3 '[8t+ z (4)
Combining # and P, we obtain
. . 1 -+ -+ +$ i )
Y=y = 5 ((A " Bapp)Z + A 'Eapp) (5)
which, when integrated yields
t + -+ 3 -
A x B + A -E
vy=P,+u ; u= u0+f (( app)z app) dt' (6)
” 2l
1 “* ri-g {
= —_— 1 — (4
Uy 70( +ﬁo) g_ -}

"\'PO

At this point, we remark, as was done in Ref. 1), that since A©® Wil be the dominant
field, it is more convenient to use the phase ¢ = t—z as an integration variable. Then,
since ¢=1-2z and %=0y/0P,=P,/y and from (6), 1-z2=u/y, we have

dp/u=dt/y. Further, since 0 = (1-z) du/dy = (u/7) du/d¢, we obtain from Eq.(6)




the following

1 + A2 4+ 2 dz 1 + A? — 2
7((19) — 21 ’ Pz S uaE = 21 (8)
“ [ + A2 _ 2 7 '
N =N . . |
2(¢) f | 4o f | Z2)-1] av ©
—00 -0

The x and y coordinates of the particle are determined from the equations P_=0 and
Py = 0, which yield for the canonical momenta, P, =0 and Py =0, and thus the

physical momenta are given by

Py = %%k = —A;, and p, = 1 = —A, (10)
or
7 Ayp')dy
x(p) = “f ) (11)
Y A (p")dy'
e = = B (12)




The set of equations (7—11) constitutes the Free Wave Accelerator (FWA)
equations. These equations are important generalizations of the NAIBEA equations of
Ref. 1 in that: 1) the laser could be in any state of polarization, and have any pulse shape,
and 2) the applied EM field Eapp and Bapp is quite general. Note that since A is
defined to within an arbitrary constant, we have here full freedom in giving the electron
non zero initial value of p, and/or By (Eq. 10). The trajectory parameter, Q , which
was introduced in Ref. 1 is here generalized to be a vector in the x—y plane and is defined

by the equation

It is a simple matter to show that the second derivative of Q can be written as

?Q _ A% _ 13 1_1] %

it + 1B, + [u—1] Bapp (14)
and the rate change of v with respect to ¢

d . 13 2 _ 1dQ »

T =eBu=-338 =13 k0 . (15)

For 7 to increase with ¢, g% . ﬁ)(go) must always be positive (notice that u(y) > 0)

%%-}73>0 : (16)

The above is the condition that guarantees that when E;(¢;) =0, pi(y;) = g% is also
j

, Bd
zero, then i/%%l =0 and d——ﬂ—fﬁ = 0. Having such an inflection point in 7y at ¥
dy




(instead of a maximum) guarantees that ~ keeps increasing for ¢ > p; . It B,pp is

taken to be zero as Ref. 1, then ﬁ-ﬁz ﬁ-ﬁ)(o) + I5~ﬁ)app. If B is taken in the

y—direction, then we have Py E(O) + Py E, p> 0. Since E§0) is the dominant field,

y p

except when passing through zero, the above condition says that we use E,pp to "fine
tune" the sign of p, so that it is always the same as that of EB(,()) . The fundamental role
of the applied field is to guarantee the validity of Eq.(16). This can happen even if
Eapp/ EQ or Byof B or both are much smaller than unity. The injection of electrons
with a non—zero p,(0) or py(0), albeit very small, is very important to set the machine
to work. This is so since in the x—y plane the motion of the electron must be oscillatory
in accordance with Eq.(16).

We turn now to specific choices of the accelerator. We consider a linearly polarized
pulse with A taken to be along the y direction. We first consider a constant applied

electric field, Eapp , then

~

A = (AP0 -Eppt-p,0)] ] - (17)

With the A above used in the FWA equations we recover the NAIBEA equation of Ref. 1.

Inversions of Eale are made at appropriate values of z to assure the validity of Eq. (16),

namely py(n7)=0. This means that the applied field is inverted at ¢;'s such that
=0.
-y

dgso -
i 2

We now replace E,,, by a constant magnetic field along x . Then

~

R = (AP0 =Bz —p,0)] ] - (13)

The resulting NAIBEA equations are almost identical to those of Ref. 1 except for a




change in sign of the second term in Eq.(8) of that reference (with E,pp replaced by

B Further, Eq.(7) reduces to

app)'

i' = u%—QBapr . (19)
The y—component of the momentum is given by (Eq. 10)

py(9) = py(0) —A() + B, 7z . (20)

The continuous acceleration of the particle results if Bapp is chosen so that py(mr) =0.
This requires changing the sign of B,pp at appropriate places (px % ).

We consider the following numerical example. The initial value of 7, v, =70,
P= % v 10" W/em? for Ao =103 cm . The parameter v, =1 refers to the maximum
value of electric field of the pulse in our units. We also take nine cycles within the pulse.
The shape of the pulse is taken to be a Gaussian, AZ= exp (—¢?/A?), Fig. 1, with
A =3r. The applied field intensity is taken to be 2.34 teslas which corresponds to
~5x 107 that of the laser. The electrons are injected at an angle of 0.6° with respect to
the z—axis (py(O) R (1)—8—8- T 70) . We consider, as an example nine changes in the sign of the
modulated applied magnetic field. Since we have not self consistently chosen the position
of the field reversal we have not actually optimized the decrease of u in Eq.(6). In
figure 2 we show the change of 7 vs. z. The gain in energy is a factor of 35 over a
distance (accelerator length) of seven meters! The accelerator length could be made
smaller if full optimization is accomplished. The corresponding trajectory of the particle,
confined in the (z,y)—plane is shown in figure 3. The undulation in y(z) is a consequence

of the changes in the sign of B, and it guarantees that the particle remains in the path

of the laser if one insists that




¥
(0)( |
e @)

—0

is contained within the laser transversal extension. As we see from figure 2, at the end of
the acceleration the dispersion in y is ~2 mm which could be within available laser
transversal dimensions.

Before ending we comment briefly on the case of circularly polarized laser pulse,

>

RO = A(p)[icos o+ jsing (22)

A(p) = vy exp(—¢°/24%)

Thus, clearly A2 is just AZ2(y), which does not oscillate. Then we get

approximately for the accelerator length

1 —ul vy
Az = T+—T =~ 2¥)(1+3) T (23)
2u? 2u?
0
where T is Ay of the pulse defined as f A?dy' = 1 T=27v3n, where n is the
—00

number of oscillations in the pulse. Thus Az is determined by three large factors
(7%, ¥3, n) which can easily make it macroscopic even though it is in units of 52\—7r This
generalizes the simple Doppler shift argument concerning the size of the accelerator.

In conclusion, we have developed here a general formalism for Free Wave
Acceleration. A combined powerful laser pulse plus an optimally determined EM field,

which could be time—dependent, was found to be able to accelerate electrons to very high




10

energies with relatively small accelerator dimensions. Radiation damping has not been
included in our theory and it may modify some of our conclusions, even in setting a limit to
the final energy of the particlea’b). After the completion of this paper we learned of related

work done in Refs. ) and §).
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FIGURE CAPTIONS

Figure 1. The laser pulse vs. ¢ used in our calculation the width A = 3r.

Figure 2. The energy of the particle in units of mc? vs. the traveled distance z .

Figure 3. The trajectory of the particle in the y—z plane. Inset: scale of y in mm.
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Nonlinear Amplification of Inverse-Bremsstrahlung Electron Acceleration

M. S. Hussein and M, P. Pato
Nuclear Theory and Elementary Particle Phenomenolagy Group, Instituto de Fisica, Universidade de Sdo Paulo,

CP 20516, 01498 Sdo Paulo, Sdo Paulo, Brazil
(Reccived 20 December 1991)

The acceleration of electrons using a laser and a static electric ficld perpendicular L0 the former is con-
sidercd. The coupled particle-field equations are reduced to a second-order nonlinear inhomogencous
equation which determines the trajectory of the particle. The particle encrgy equation is considered and
found to exhibit fold catastrophes. At these catastrophes, which may occur whenever the wave phase is
nx if the direction of the applied weak field is reversed at (2n—1)x/2, further nct ucceleration occurs.
The trajectory equation is found amenable to analytical treatment.

PACS numbers: 41,75.Fr, 29,17 +w

Laser acceleration uf particles without piasma has heen
proposed as a means of gaining cnergy without the
difficulty of plasma control [1=3]. In this method one
uses a strong laser field (typically the power is ~10"
W/em? for a wavelength of 10 um) to set the particles in
motion, and a weak perpendicular static electric or mag-
netic field (with a intensity of 10 ~° that of the laser
field). The resulting slightly deformed electromagnetic
(EM) field allows for the acceleration of the particles.
Clearly the laser field alone only scts the kinetic energy of
the particle osclilation without any net gain [4).

In a recent paper, Kawata et al. (5] discussed in detail
the optimal conditions for electron acceleration with a
laser plus small perpendicular static electric field, Eupp-
Through single-particie computation and particle simula-
tion, they found that the electron is accelerated in both
half wavelengths of the wave, and its relativistic factor ¥
increases by as much as a factor of 3.

In this Letter we analytically analyze the work of Ref.
[$] and show that the coupled electron-EM-field system
is governed by a set of equations containing one nonlinear
and several lincar ones. The nonlinear equation can be
solved exactly and it governs the bulk of the physics: the
linear equations are then solved from the knowledge of
the solution to the nonlinear one. We predict, among
other things, that the Increase of y can be made much
larger than given in Ref. [5] by applying, ut optimally
determined positions, an array of Eupp's with interchang-
ing signs.

The starting point of our analysis is the coupled
particle-field equations (see Fig. 1)

7’_-“”!’6}! (‘)
d_:;L-“e(l—ﬁ‘t)E‘-_eEupp. (2)

where E,pp is the applied field intensity, B, ™=uy/e, By
=py/c, and B. =E, = —E, sing with emk{ct=x). P,
and P, are the x and y components of the linear momen-
tum of the particle, The energy equation can be easily
derived from Eqs. (1) and (2) by multiplying Eq. (1) by

v and (2) by ¢, and adding to obtain

9 by, ) mme ) HeEuy @), O)
where y is the time varying relativistic factor which re-

lates Py and P, to vy and v through P.=myr, and

Py=myv.
From (1), (2), and (3) one can obtain the solutions
CPye=mmelyteE py+Ki, (4)

where K and K are constants determined from the ini-
tial conditions. We now show that the dynamical equa-
tions (1), (2), and (3) can be reduced to a one-dimen-
sional problem through a change of the independent vari-
able from the time to the phase ¢. This is accomplished
by introducing the new coordinate 0.

0= — (k/26)(eE ppy * +2K1y) . (6)

such that P,=dQ/de. Using the fact that e=k(c

electrons injected
along x - axis

FIG. 1.

Lion.

The coupled electron-luser-static-field configura-
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\

= ;)= = (k/mcy) (eE ypy + K1) and from (4),
m¢‘2 -_— mzc‘+P"'2C2
g 2 (Kf"ZCcEnpr/k)”z

12
+l2 [K? - -——”—mi" ¢ ] : ™

Taking the derivative with respect 10 the phase ¢ of Eqgs.
(4) and using (5) and (7) we finally obtain

m Jc 1 4+ Q'J
K{=(2c/k)eE pnQ

" ¢
-

- ‘TE.::—’ + —I:?E,-,sinv (8)
and
ceE, .
£ o—— ] T Q'sing. )

k  (KP=2ceEppQ/k)"

Equations (8) and (9) are the inverse-bremsstrahlung
electron acceleration (IBEA) equations. Equation (8) is
a second-order nonlinear inhomogenecous one that deter-

(a) 900 =1 r 1 ° Lo 1 001"

LN L LA I
o lifs d 5 L

c 1 2 3 4 585 ¢ 7 & 9 10
 (Radiens)

FIG. 2. (1) The energy ¢ in units of the electron rest muss
mc? vs the laser phase. The lower curvc is the result of Rel.
[5), whereas the upper one is our result (see text for details).
(b) The trajectory variable in units of mc vs the laser phase.

mines the trajectory of the particle since x and y are ex-
plicitly given in terms of Q as

1 | €
-— —— |- — —E. coset K| =], 10)
x k {kthupp Q kC » CJ ¥ (
YR
RSP P UL S ()
eE upp k

The acceleration equation, Eq. (9), is easily solved once a
first integration of (8) is done. The important feature to
be emphasized here is that & is proportional to Q'sine.

Before discussing the solution of Eq. (8), we analyze
the expected behavior of the energy as a function of  (or
1). Clearly whenever ¢ =nn, & is zero (6 Is maximum o
minimum). If, say, at ¢ =%, Q' =P, is also zcro, then ¢
at an infiection point, &' =0. This behavior is commo
referred to as a fold catastrophe, according to the
classification of Thom [6]. This catastrophe also charac-
terizes the phenomenon of a rainbow. This behavior is
shown in Fig. 2, where a case similar to that of Ref. {] is
considered, namely, the amplitude of the EM wave
is E,,=0.1Eq, where Eq=mc?/(er/32)=1.636X107/A
(V/em), A is the wavelength in em, and E n/Ey,
=4.28x10 "%, The laser power is 3.5%10'% W/em? for
A=10 gm. The initial electron velocity is vo™=0.999%¢.
The electrons are injected at an angle of 0.608° with
respect to the laser direction (along x). The figure exhib-
its e(w) and Q(¢). The inflection point alluded to above
is clearly shown (indicated by the arrow). At later times
& reaches a maximum at ¢™=2x and then just oscillates
along with the wave. If the applied field is reversed at
Ax/2, the original maximum in & at ¢=2x becomes an
inflection point and the particle energy is then pushed up
to another maximum at 3= after which the oscillation sets
in again. The net gain in energy after the first kick
about 300% ,whereas after the second kick it is 60707 .
Thus one can double the gain by reversing the direction
of the applied electric field at the appropriate time (or x).
In Fig. 3 we show &(r) vs ¢ which exhibits the stai-

A 2 s
t
FIG. 3. The energy € in units of mc* vs the time in units of
1.01 x 10° 3/32¢ (see text and Ref. [5) for details).
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structure of the acceleration quite clearly.

The mechanism responsible for this doubling of the
gain in the particle encrgy is governed by nonlinear equa-
tions. We therefore call it the nonlinear amplification of
inverse-bremsstrahlung electron acceleration (NAIBEA).
Clearly the NAIBEA can be repeated several times by
merely alternating the sign of the applied field at the ap-
propriate phase of the wave. A simple estimate of the net
gain in energy after the clapse of nx in ¢, with accom-
panying changes in the sign of £.pp, is ~n(Ae), where As
is the gain after the first kick (in our case Az is about 150
MeV). The way to accomplish this is by arranging an ar-
tay of Epp's with interchanging signs at appropriate posi-
tions along the x direction. These locations are obtained
from Eg. (10). The position x; at which the first
inflection point in g occurs is

E)‘o CPp(o) l
A : - ==0.11m,. (12)
®Euwp  eEup

If the applied field is reversed at v =3x/2, which corre-
sponds to the position x|,

S

rmd |k | ~ 0! L -3
X1 k eE“W [ Q32 + P, o)+ ke Ey, 2
=0.243m, (13)

then the position of the second kick or infiection point is

+ 21Q3wale _ A

X=X S=x,+0.365m=0474m. (14)
eEupp

It is casy to show that the position of the nth reversing of
the static field is given by

T

0 L) 10 ] 20
X (x10°)

FIG, 4, The trajectory of the electron. Axes y and x arc
given in units of A/32, where A is the wavelength of the laser
wave (see text for details).

The values of Q' can be calculated from the trajectory
equation, Bq. (8), to which we turn our attention below.
Before doing this we mention that the trajectory of the
electrons accelerated with the NAIBEA mechanism is
well behaved. Figure 4 shows a typical case. The dispe
sion (oscillation) along the y direction is quite small.

Numerical integration of Eq. (8) is quite simple. How-
ever, to gain more insight into what to expect we deveiop
in what follows a procedure through which an analytical
solution can be obtained albeit in an approximate way.
To procesed we write the solution of g =Q/mc. as

- - 2 2l
x,,Ki" D#1Qbnrianl _ 2n41 () q=gotBqi+B'qa% -, (18)
" eE ypp 2k ) where B is the laser parameter,
where K7~ !" is given by - B=eE, Jkmc?=0.5093 . (19)
Kir=" =KD 42004 )02 s (16)  In Eq. (18) go satisfies the nonlinear equation
and the co nding following kick by ;
rresponding g kick by LY,
201 —
Xpp) B xnt Qu+1)x/2 _L. (17 4 go—ko
whereas ¢ and g» are both given by linear eq.
y g0 [+g¢& [ .
- (+ —q1=—L86+Bsine,
¥ Z(ko-qo)q' 4(*0_40)4‘7' 3 sine (z1)
. g0 [+g¢ | _qr 909191 (O +qd)gt
97+ + —ry = z ;
2(k0‘qo)q 4(ko—qo)2q' 4 go—ko 2(go—ko)® 4lgo—ko)? @2
where
kK¢ E,
ko= om0 (23)

2meeE ypp E, '

Equation (20) can be easily solved analytically, and from the solution, o, Egs. (21) and (22) can be integrated. The
details of the full solution will be presented elsewhere [7]. In Fig. 5 we present a comparison between the analytical
method, based on Eq. (18) (dashed line), and the numerically generated one. We have here an agreement to better than
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FIG. 5. Solid curve: Numerically generated solution of Eqs.
(8) and (9) in the onc-kick case of Ref. [5]. Dushed curve:
The result obtained from the unalytical method, Eqs. (18),
(20), (21), and (22) (see text for details).

7% at the maxima and minima and better than 2% on the
average. Therefore, for all practical purposes, the set of
Eqs. (18), (20), (21), and (22) is an excellent substitute
for the numerically generated solution.

In conclusion, we have further analyzed the IBEA
model of Kawata et al. [5], and found it to be amenable
to analytical treatment. We also discovered a new way of

increasing the gain in electron energy through the mecha-
nism we coincd NAIBEA., Our accelerator involves ap-
plying an array of E,pp's with interchanging signs at op-
timally determined positions. Further optimization can
be obtained by adjusting (through magnets) the new “en-
trance” angle after every kick.

This work was supported in part by CNPq.
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EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20506

June 8, 1992

Dear Dr. Hussein:

Thank you for your recent letter and enclosed material on new particle acceleration
techniques. Dr. Bromley has asked me to respond to it.

I have read your papers with considerable interest. As we have seen in high energy
physics, the need to probe yet higher energies, has required ever larger machines which in
turn have pushed the limits of accelerator technology outward, e.g., use of superconducting
magnets. The SSC, with its present magnet design, is coming along nicely. Full size
prototype dipoles will be operated in a string test later this summer at the SSC laboratory,
and I am optimistic that their technical properties will allow completion of the accelerator
complex by the end of the decade--assuming Congress appropriates the requisite funds. For
the longer term, and future generations of particle accelerators, ideas such as yours,
involving powerful lasers in conjunction static electric fields and high magnetic field
magnets, need to be carefully considered. Of course, as pointed out in your preprint, you
discuss a linear collider rather than a synchrotron and thus the question of achieving
sufficient luminosity is a critical issue. From discussions that I have had on this subject,
I would expect that considerable time and energy will be required, both on the theoretical
and experimental side, to demonstrate the feasibility of the technical approach that you are
proposing for particle acceleration. However, it is through such efforts as those of you and
your colleagues that breakthroughs in accelerator technology occur and I wish you
continued success in these endeavors.

Sincerely yours,

o A by

Lee S. Schroeder
Assistant Director

Dr. Mahir S. Hussein

Nuclear Theory and Elementary Particle
Phenomenology Group

Instituto de Fisica

Universidade de Sao Paulo

Caixa Postal 20516

01498-Sao Paulo, S.P.

BRAZIL
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April (:3-,: 1992 B

The Honorable Allan D. Bromley
Assistant to the President for
Science and Technology Policy
Old Executive Office Building
17th Street & Penn Avenue, NW
Washington, DC 20500

Dear Assistant Bromley:

The American Nuclear Society (ANS) supports the concept of continued
development of the peaceful applications of nuclear science and technology
throughout the world and assured safety, protection of the environment,
and non-proliferation of nuclear materials. Nuclear professionals involved
in weapons-related activities need to be made aware of and have available
to them training, education and other opportunities which offer experience
and, ultimately, employment in the peaceful uses of nuclear technology.

The Society is offering its services including professional placement
activities to government, industry and academia to assist these
professionals. Additionally, ANS urges its individual and organizational
members to consider opportunities for joint international endeavors with
foreign counterparts. These efforts will strengthen the international

nuclear community and encourage the continued peaceful uses of nuclear
science and technology.

Sincerely Yours,

Robert L. L;ﬂngj?
ANS President




EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20506

Dear Mr. Long:

May 12, 1992

I am responding to your letter to Dr. Bromley concerning the expertise of
the American Nuclear Society, and the Society’s activities to strengthen the
international nuclear community and to encourage the continued peaceful
uses of nuclear science and technology. The efforts of the Society are very
much appreciated and will, I believe, help lead to a future in which
nuclear energy plays its logical role in the worldwide energy technology

portfolio.

Sincerely,

Gl Hot—

Karl A. Erb

Associate Director--Designate
for Physical Sciences and Engineering

Mr. Robert L. Long
President

American Nuclear Society
555 North Kensington Ave.
La Grange Park, IL 60525
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TO: DR. D.A. BROMLEY

DATE OF
CORRESPONDENCE: 03/25/92

SUBJECT: HE IS WRITING REGARDING THE DOE’S DECISION TO PUT
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EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20506

April 20, 1992

Dear Mr. Aubry:

Thank you for your letter to the Office of Science and Technology Policy
concerning the Fast Flux Test Facility (FFTF) at Hanford.

I can assure you that the decision to phase out federal support of the
FFTF was taken only after lengthy deliberation. Unfortunately, the cost of
operating the FFTF cannot be justified in view of competing, higher
priority needs in this time of strictly limited funding. The Office of
Science and Technology Policy, as well as the Office of Management and
Budget, therefore must concur in the decision by the Department of Energy
to close the facility.

Sincerely,

Karl A. Erb
Associate Director--Designate
for Physical Sciences and Engineering

Mr. Arthur S. Aubry
Aubry Photography
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George DIAMOND & O, {inie!

CONNECTOR DIVISION
METAL DIVISION.

MARCH 25, 1992

MR. D. ALLAN BROMLEY
ASSISTANT TO THE PRESIDENT
FOR SCIENCE AND TECHNOLOGY
THE WHITE HOUSE OFFICE
1600 PENNSYLVANIA AVE N.W.
WASHINGTON, D.C. 20500

DEAR MR. BROMLEY:

WE ARE ASSOCIATED WITH ROBERT W. WARD, WHO IS THE
DEVELOPER OF A PROCESS TO PRODUCE COMPOSITE METAL
POWDER.

BOB WARD RETIRED LAST SEPTEMBER FROM GENERAL MOTORS
WHERE HE WAS GRANTED THE PRESTIGIOUS '"'BOSS" KETTERING
AWARD FOR DEVELOPING COMPOSITE IRON THAT IS NOW IN
PRODUCTION IN GM FACILITIES. THIS TECHNOLOGY ENABLES
MANUAFCTURERS TO REDUCE COSTS WHILE ALLOWING THEM TO
PRODUCE SHAPES NOT POSSIBLE HERETOFORE.

ADVANCED MATERIALS WILL CHANGE THE BASIC ECONOMICS OF
DOZENS OF INDUSTRIES. MORE THEN ALMOST ANY OTHER FACTOR,
THEY WILL AFFECT THE COMPETITIVENESS AND PROFITS OF
COMPANIES AROUND THE WORLD.

NEW MATERTIALS WILL REWRITE BASIC PRODUCT SPECIFICATIONS,
WHILE ADVANCED MATERIAL PROCESSES WILL SLASH MANUFACTUR-
ING COSTS AND TIMES.

AT THE PRESENT TIME WE ARE WORKING WITH A POWDER METAL
MANUFACTURER TO PRODUCE A SECOND AND THIRD GENERATION OF

THIS TECHNOLOGY, AND WITH A FEW MOTOR MANUFACTURERS AND
BALLAST MANUFACTURERS.
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108 WILMOT ROAD 4 DEERFIELD, ILLINOIS 60015 ¢ 708-940-8100




| MARCH 25, 1992 PAGE 2 OF 2 PAGES.

HOWEVER, WE NEED HELP IN GETTING THIS TECHNOLOGY TO
MORE MANUFACTURERS WHERE IT WILL HAVE THE GREATEST
IMPACT AND OBTAIN THE BEST RESULTS. WE ALSO NEED HELP
TO SET UP A LABORATORY TO FURTHER THIS WORK.

INITIAL COST FOR SETTING UP THE LABORATORY AND A
PROGRAM TO PROPERLY DISSEMINATE THIS INFORMATION WILL
BE APPROXIMATELY TEN MILLION DOLLARS. A SMALL PRICE
TO PAY FOR GIVING AMERICAN INDUSTRY A TREMENDOUS BOOST
AND HELP BRING BACK OUR MANUFACTURING BASE.

OUR COUNTRY CAN ILL AFFORD TO IGNORE THIS ADVANCED
TECHNOLOGY BREAKTHROUGH. IT IS IMPERATIVE THAT WE ACT
ON THIS IMMEDIATELY.

PLEASE CALL OR WRITE THE UNDERSIGNED FOR FURTHER
INFORMATION.

SINCERELY,

GEORGE DIAMOND & CO., INC.

GEORGE DIAMOND, PRESIDENT.
GD/DL

CC: ROBERT W. WARD.



EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20506

April 29, 1992

Dear Mr. Diamond:

Thank you for your letter of March 25 to Dr. Bromley describing your company’s
advance in materials. I agree with you that advances in materials can change the
course of many industries: In fact, this is an important reason for our recommendation
that materials research be highlighted as a Presidential Initiative in the FY 1993 budget.

The Office of Science and Technology Policy develops policy concerning science and
technology for the Administration, but does not provide funding for these activities. I
would suggest that you contact the funding agencies directly. If basic research funds are
needed for your effort, you could contact the National Science Foundation. For more
application-oriented R&D, you might try the Department of Defense or the Department
of Energy. You should also contact Dr. Schneider at the National Institute of Standards
and Technology to obtain a copy of the report entitled "Advanced Materials and
Processing: The Federal Program in Materials Science and Technology" which will
provide some more insight into other Federal agencies which might be interested in the
metals technology you mentioned. I wish You success in your endeavor.

Sincerely,

L2

David C. Cranmer
Fellow

Mr. George Diamond

George Diamond and Company, Inc.
108 Wilmot Road

Deerfield, IL 60015
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SUBJECT: ATTENDED DR. BROMLEY'’S TALK AT THE ROYAL SOCIETY;
ALSO A BOOK ON MICHAEL FARADAY WILL SOON BE
ARRIVING. FRANK PRESS AND THE REVIEWER IN SCIENTIFIC
AMERICAN ENJOYED THE BOOK.
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THE ROYAL INSTITUTION
21 ALBEMARLE STREET
LONDON

Wi1X 4BS

TELEPHONE: 071-409 2992
FAX: 071-629 3569

Dear Dr Bromley

I have sent the book
under separate cover to save
postage.

I hope this does not
cause you too much
inconvenience

Yours sincerely

B8 Derns.,

Tanya Donnan
PA to Sir John

WITH THE COMPLIMENTS OF
SIR JOHN MEURIG THOMAS, FRS,
FULLERIAN PROFESSOR OF CHEMISTRY
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FROM SIR JOHN MEURIG THOMAS F.RS.
FULLERIAN PROFESSOR OF CHEMISTRY

12 March 1992

Dr Allan Bromley

Science Advisor to the President

Office of Science and Technological Policy
New Executive Office Building
Washington DC

20506

USA

Dear Dr Bromley

I have just returned to my office after listening to your excellent talk at the Royal Society
today and to the marvellous replies that you gave in answer to the questions that were posed.

During our conversation with Michael Atiyah I mentioned in relation to your point about
the increased use of electricity in the US that I was the present occupant of the post created for
Michael Faraday here at the Royal Institution. I am enclosing a copy of of my book on Michael
Faraday which you might find useful as bedtime reading. The President of your National
Academy, Frank Press, uttered kind words about it and so did the reviewer in Scientific American. I
hope you enjoy it.

With best wishes

Yours sincerely

ol e

John Meurig Thomas




THE WHITE HOUSE

WASHINGTON

April 15, 1992

Dear Sir John:

Many thanks for your kind letter following my talk to the Royal Society
and many thanks, indeed, for the copy of your excellent book on Michael
Faraday. I have read it with great pleasure and profit and believe that it
is the sort of book that all physics students should have as required
reading. Far too few of them have any feeling for the wonderful activities
of those upon whose shoulders all of us stand.

Your position at the Royal Institution is one of which you can be justly
proud. Going back many years I must tell you that on a visit to London I
had occasion to visit your institution with my son, who was then 12 or 13
years old, and we had occasion to attend one of your public lectures. We
were both absolutely delighted by the lecture and I remember noting at the
time that had I an opening in the Physics Department at Yale University,
of which I was then the chairman, I would have offered it immediately to
the lecturer. You have a long and wonderful tradition of making science
accessible to the general public and I admire the skill and devotion that
are evident in each of the lectures that I subsequently had the pleasure of
attending during a number of visits to London.

But I should complete this anecdote by telling you that my son, in part,
inspired by his exposure to the activities of your institution, went on to
study physics at Harvard, later receiving his doctorate in theoretical
physics at Stanford. I am sure that a great many young people worldwide
have had similar experiences.

Again, my warmest thanks for your hospitality and for your book.

Sincerely yours,

U Sgoant
D. Allan Bromley

The Assistant to the President
for
Science and Technology



Sir John Meurig Thomas F.R.S.
Director

The Royal Institution of Great Britain
21 Albermarle Street

London, W1X 4BX

England
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UNIVERSITIES RESEARCH ASSOCIATION, INC.

1111 19th Street, N.W. Suite 400 Washington, D.C. 20036
Telephone: (202) 293-1382 Fax: (202) 293-5012

March 5, 1992

Dr. D. Allan Bromley
Assistant to the President for
Science and Technology Policy
Office of Science and Technology Policy
OEOB Room 360
17th & Pennsylvania Avenue, N.W.
Washington, D.C. 20506
Allier
ar Dr.-Bromley:

Enclosed is the 1991 Annual Report of Universities Research Association, Inc. (URA), contractor to
the Department of Energy for the management and operation of the Fermi National Accelerator Laboratory
(Ferlmlab) and the Superconducting Super Collider Laboratory (SSCL). As a consortium of seventy-nine
major universitics, URA reflects the national character of both laboratories, which serve as core facilities for
the majority of present and future high energy physicists doing experiments in the United States.

There have been several significant developments for Fermilab and the SSCL since the enclosed
report was published. Fermilab was described in January by the Department of Energy as "the current jewel
in the crown of high energy physics, and the key facility for exploring forefront particle physics in the 1990s."
Also in January, a critical milestone was passed in the SSC’s development: the machine’s sophisticated
superconducting dipole magnets -- developed in laboratories and then produced by industry -- were
successfully tested, proving that these vital components can be mass-produced. This is a major step in
keeping the SSC on schedule and on budget toward completion in 1999, when it will magnify twentyfold our
ability to study basic interactions.

Universities and industries throughout the nation are participating in this coordinated research
effort, which is pushing the limits of technology and attracting outstanding scientists and engineers from
around the world. Details of each laboratory’s progress, including contributions to technology transfer,
education, and related ficlds, are summarized in the Annual Report. The search for the fundamental
building blocks of nature has already contributed immeasurably to our understanding of the universe, with an
array of new discoveries. The next phases of the search will inevitably assist in development of products and
processes that can only be imagined at this point. You are cordially invited to visit Fermilab in Illinois,
currently the home of the world’s highest energy accelerator and collider, and the SSC Laboratory in Texas,
now establishing its permanent facilities on the site near Waxahachie and preparing to exgavate the 54—mlle
oval tunnel.

Please let me know if you have any questions or if you would like additional mdtenal on URA,
Fermilab, or the SSC.

Sincerely, . o

John S. Toll

Enclosure Z/~ o 7W /W /)—«4/ President M MW/
e 4&%/»/%/ o7
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The Fermilab prairie at suns}et More
than 600 acres have been seeded as

part of the prairie restoration program.
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URA, a private, non-profit consortium
of research universities, serves as

a contractor to the Federal Government
for the development and operation

of major scientific facilities. This
volume—updated annually with new
financial data, personnel, and
developments at URA laboratories—
provides the historical context for the
consortium’s structure and mission.




“Tractricious,” a sculpture designed by Fermilab
founding director Robert R. Wilson and built with
scraps from construction of the Tevatron.
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John S. Toll, URA President

Message from the President

rogress in science and
technology depends on the
cooperative efforts of labora-
tories throughout the world, as
discoveries are pieced together
in a mosaic to extend our understanding
of nature and to permit applications for
human betterment. An especially chal-
lenging field is high energy physics,
which uses particle accelerators as
essential tools.

Universities Research Association
operates two major national accelerator
laboratories, the Fermi National Accel-
erator Laboratory (Fermilab) and the
Superconducting Super Collider Labora-
tory (SSCL). Let me explain why their
work is so important and why they are
rated as the highest priority programs
among U.S. laboratories in this field.

Accelerators, although they may seem
remote to many people, play increasingly
significant roles in our lives. Few citizens
realize, for example, that the key compo-
nent of a television set is a low energy
accelerator, or that accelerators are used
in treating cancer patients and in manu-
facturing microchips.

The Tevatron, now the world’s highest
energy accelerator and collider, has
given Fermilab the greatest potential for
particle discoveries during this decade.
The advances made during the 1990's,
as well as the scientists trained, will
provide the foundation for the SSC Lab-
oratory early in the next century. At that
time, the SSC will increase twentyfold the
magpnification with which scientists study
the fundamental interactions of nature.

The year 1991 was notable for URA.
The SSCL demonstrated successful
operation of the full-scale superconduct-
ing magnets and constructed its first
facilities on the site. Good progress was
made in planning two major detectors for
the first SSC experiments. Fermilab had
an especially successful fixed-target run
and prepared for upcoming collider runs
with two superior general-purpose detec-
tors. Both laboratories involved outstand-
ing physicists from around the world.
Congress and the President doubled the
annual appropriations for the SSCL and
allocated $15 million to begin construc-
tion of the Main Injector, a major upgrade
at Fermilab.

To maintain this high level of perfor-
mance and thus to maximize the
potential for scientific discovery, careful
judgments have to be made so that
available research funds are expended
optimally. Fortunately, the U.S. program
in high energy physics is guided by a
national committee of experts, the

High Energy Physics Advisory Panel
(HEPAP), which has made hard choices
after careful reviews. With tight limits on
the Federal budget, it is now more impor-
tant than ever that the HEPAP process
be used to determine Federal priorities.

In November, 1991, a letter from HEPAP
reported: “Of the ongoing laboratory
programs, we give the highest priority to
Fermilab. We reached that decision be-
cause it is the highest energy collider and
fixed target accelerator in the world and is
optimally poised to explore many of the
key issues in high energy physics today.”

But Fermilab’s promise is dependent
upon adequate operating budgets for the
Laboratory and related university pro-
grams and upon the Main Injector, which
will increase the scientific productivity of
the Tevatron fivefold. For example, the
Main Injector is necessary to assure that
Fermilab experiments can answer during
this decade whether the elusive top
quark exists in the mass range and with
the properties predicted by current
theory. In 1990, HEPAP established the
Main Injector as the top priority for the
pre-SSC era; the panel reiterated this
ranking in the summer of 1991.

Similarly, HEPAP’s guidance on the
SSC has been especially significant.
The panel has repeatedly reaffirmed that
the number one priority in the U.S. high
energy physics program is the SSC,
where physicists expect important
insights on the nature of mass and on
the fundamental processes that deter-
mined the distribution of matter in the
early expanding universe.

Universities Research Association’s
contract for management of Fermilab is
being renewed for another five years just
as 1991 comes to a close, and our con-
tract for the SSC Laboratory extends at
least through 1997. We are proud to be
responsible for the two U.S. national
laboratories that are most important in
mankind’s study of energy and matter

at the most fundamental level.
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Flags in front of Wilson Hall symbolize the
participation and collaboration of scientific groups
from all over the world doing research at Fermilab.

4




Members of Universities Research Association, Inc., contractor
to the U.S. Department of Energy for the Fermi National Accelerator
Laboratory and the Superconducting Super Collider Laboratory
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Corporate Overview: 1965-1991

i

P4
niversities Research Associa-
tion ( URA), nc., a non-profit
corporatwn founded in 1965,
consists of 78 major research-
orientéd universities in the
United Statés and Canada. Institutions
with full mémbership provide doctoral
programs in science and are active in
particlé physics. Associate members
have an interest or program in particle
physics and hope to achieve full
embership in the future.

~ ¢ _/ The need to create URA was identified
\l\ - '!‘:« ‘w\}(‘

7 % Norman F. Ramsey of Harvard Univer-

in 1962, when a committee chaired by

ity, under the joint sponsorship of the
‘eSIdent s Science Advisory Committee
and the General Advisory Committee
of the Atomic Energy Commission
AECQ issued a report recommending
construction of an accelerator capable

“aof energies far greater than any achiev-

able.at individual university or laboratory
facilities) The president of the National
Academy, of Sciences called together
the presnd(ants\of U.S. universities
engaged in particte physics to consider
managemént options+for a such a na-
tional facility; as a result; 25 attendees
agreed to fprm a consomumfor that
purpose, an initiative that led to. URAs
|ncorporatl¢n in 1965. 5

Since Janu;ary 1967, URA has been \
contractor to the Department of Energy
(DOE) anq its predecessor agencies for
the design, construction, management,
and operation of the first nationally
manageq‘ accelerator facility for high
energy physics, now known as the
Fermi National Accelerator Laboratory
(Ferml}ab) in Batavia, lllinois. The

Tevatron at Fermilab, the world’s first
superconducting particle accelerator, is
the world’s highest energy instrument for
physics research. Current highlights of
Fermilab’s mission include the search
for the top quark, national leadership in
science and math education, cutting-
edge development of supercomputers,
and a multi-year upgrade to make the
most productive use of the national
investment in the Tevatron.

URA entered a contract with DOE in
1989 for the design, construction, man-
agement, and operation of the Super-
conducting Super Collider Laboratory
(SSCL). The SSC will be the largest and
most energetic particle accelerator in
the world when it is scheduled to begin
operations at the end of the decade.
Initial SSC activities were conducted by
a URA subsidiary, the Central Design
Group at Lawrence Berkeley Laboratory.

SSC Laboratory personnel moved

to Dallas-area offices after the Texas
site was chosen in 1988 and began to
establish the Waxahachie campus in
1991. As part of that development, the
Magnet Development Laboratory was
completed this year as SSCL’s first on-
site building. Preliminary 1991 tests of
the re-designed superconducting dipole
magnets have been successful at
Brookhaven National Laboratory’s and

. Fermilab’s SSC magnet facilities, con-
“struction of SSC collider systems is

under way, and SSC-related research
is producing provocative results at
universities around the nation.




| History and Mission:
Particle Physics

Research in elementary particle physics,
also known as high energy physics,
involves the study of subatomic particles
and the forces acting between them.
Beams of particles are accelerated to
high energies and collide either with
stationary targets or with opposing par-
ticle beams. Computer-controlled detec-
tors record the patterns of the particles
produced in such collisions, providing
experimental data for further examina-
tion. From this information, physicists
learn more about the behavior of matter
and energy at extremely small scales.

Accelerators represent a radical
improvement upon the early days of
particle physics, when the principal
source of energetic particles was cosmic
rays, which occur randomly in nature.
With the advent of accelerator technol-
ogy, high energy particles could be
produced in a controlled fashion right at
the Earth’s surface. The newer colliding-
beam techniques developed over the
past three decades have allowed physi-
cists to generate collision energies so
high they can now replicate conditions
that occurred previously during the

Big Bang origins of the universe.

Within the larger scientific community,
particle physics shares information with
nuclear, atomic, molecular and optical
physics, while key insights from con-
densed matter physics and mathemati-
cal theory have had important impacts
on the field. And, as experience at
Fermilab has shown, particle physics
has rapidly growing links with astro-
physics and cosmology. An under-
standing of matter and energy at the
most fundamental levels attainable will
continue to be an important fOFmd?tiO” The central calorimeter for the D-Zero detector at
of the physical sciences, contributing Fermilab weighs 300 tons. Following the successful

to further advances on many fronts. cosmic ray commissioning run, physicists look
forward to the first D-Zero run in 1992.

Currently, the Fermilab and SSCL
programs represent the core of URA's
mission. The corporation can also sub-
mit proposals to the Federal Govern-
ment for the management and operation
of other facilities within or outside the
field of particle physics, if that were

to become desirable.
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The Collider Detector at Fermilab (CDF) has under-
gone significant improvements in the past two years,
in preparation for the 1992 Tevatron collider run. Data
provided by CDF from previous collider runs are being
analyzed as part of the search for the top quark.
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he AEC received 125 site
proposals for the first national
accelerator laboratory in the
United States. The winning pro-
posal from lllinois was selected in
1966, for a location about 30 miles west
of Chicago. The headquarters are in
Wilson Hall, designed by the Laboratory’s
first director, Robert Rathbun Wilson.
Groundbreaking was in 1968, and in
1974 the Laboratory was dedicated to
the memaory of physicist Enrico Fermi.

Fermilab now has about 2,300 full-time
employees, including over 400 scientists
and engineers. Approximately 3,500
visiting experimenters have conducted
research at Fermilab and about 150
institutions—roughly half from the United
States and half from abroad—are repre-
sented in the research program.

Fermilab

Laboratory Director

Dr. John Peoples, Jr., became
Fermilab’s third director on July 1,
1989. Dr. Peoples had participated in
experiments at Fermilab in the early
1970’s as a professor of physics at
Cornell. After transferring to the Labora-
tory, he headed the Proton Laboratory
and the Research Division, and was
project manager of the Antiproton
Source, which made it possible to collide
protons and antiprotons. After serving
with the SSC Central Design Group in
Berkeley as head of the Magnet Divi-
sion, Dr. Peoples returned to Fermilab
as deputy director.

Fermilab’s founding director, Robert R.
Wilson, served from 1968 to 1978. Leon
M. Lederman directed the Laboratory
from 1979 to 1989.

Robert Rathbun Wilson Hall. The 16-story
building houses research laboratories and the
administrative headquarters of the Laboratory.



As part of the cooling system for the accelerator,
some of Fermilab’s lakes and ponds do not freeze
even during the coldest days. The watering spots
are a major attraction for geese and ducks.
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The tunnel of the Main Accelerator at Fermilab.

The upper ring of conventional magnets comprise the
fourth stage of particle acceleration. The particle beam

can then be injected into the Tevatron (lower ring),
which is composed of superconducting magnets.

Laboratory Design
and Performance

Fermilab’s basic system of accelerators
includes a four-mile main ring in which
magnets curve the paths of particle
beams. Since the first facilities were built,
several upgrades have magnified the
Laboratory’s powers of observation. The
prime example is the world’s first super-
conducting accelerator, originally known
as the Energy Saver (because super-

conducting magnets reduced the need for

electric power input) and now called the

Tevatron, with a beam of about one trillion

electron volts (TeV). It operated initially in
1983, and in 1989 the National Medal of
Technology was awarded to the leaders
of its design and construction team.

Major upgrades enabled the Tevatron to
become a collider, which can accelerate
antiprotons as well as protons at trillion-

electron-volt energies. The first proton-
antiproton collisions were achieved in

1985, and the Laboratory now operates
both in collider and fixed-target modes.

The first detector for collider-generated
events in the Tevatron is the Collider
Detector at Fermilab (CDF), founded as
a U.S.-ltaly-dapan collaboration. The
experimental group that designed, built,
and now uses it includes more than 350
individuals from 30 institutions. Currently,
over one-fourth of the participants are
graduate students, and approximately
25 theses are being completed each year
by students working on the CDF experi-
ment. A second major collider detector,
DO (“D-Zero”), completed all tests in

1991 and will collect data in the 1992
collider run. The collaboration includes
273 physicists, of which 50 are graduate
students, from 30 institutions in the
United States, France, (Soviet Union),
India, Brazil, and Colombia.

To keep pace with the requirements of
forefront particle physics research
through the 1990’s and beyond,
Fermilab initiated Fermilab lll, a series
of upgrades designed to realize the full
potential of the Tevatron. The first of
three elements in Fermilab Il was com-
pleted in 1991: installation of new mag-
nets and beam separators to amplify
data-gathering. The second phase, an
upgrade of the Linear Accelerator, made
significant progress toward scheduled
operation in 1992. The final phase, a
new Main Injector, was approved by
DOE, and initial funding was provided
by Congress for Fiscal 1992. It will dra-
matically intensify Fermilab’s search for
the top quark and will also provide vital
scientific and technological grounding
for the SSC.

11
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The ACPMAPS supercomputer was designed and
constructed by Fermilab physicists and engineers.
Fabricated from hundreds of independent, inter-

Computing and Cosmology

The.computing capacity necessary

to analyze data of the complexity and
volume of the Tevatron’s output, and
the requirements-ef theoretical physics
research, have made fermilab a natural
site for development of thewarld’s fore-
most computing hardware, software,
and applications. Fermilab has been a
pioneer in massively parallel computing,
pushing the extreme limits of technology
in order to test theories of quark behav-
ior: in 1991, Fermilab and International
Business Machines (IBM), as part of a
research collaboration, dedicated a
new computing facility consisting of a
“farm” of 68 IBM workstations with the
capacity of more than 1700 traditional
minicomputers.

12

connected computer modules, ACPMAPS is
used to perform elaborate simulations of theories
of the force which binds quarks together.

The Fermilab astrophysics group is also
continuing its work, funded by a grant
from the National Aeronautics and
Space Administration. Linking particle
physics with astrophysics and cosmol-
ogy, Fermilab scientists are working
with astronomers from the University
of Chicago, the Institute for Advanced
Study, and Princeton University on the
Digital Sky Survey which will map the
location of a million galaxies.

Industrial Affiliates
and Technology Transfer

The Fermilab Industrial Affiliates group,
active since 1980, stimulates transfer to
private industry of the technical innova-
tions resulting from the Fermilab basic
research program. Symposia, tours,

Fermilab is a pioneer in this type of parallel
computer architecture.

and exhibits are held at the Laboratory to
encourage the exchange of information
between Laboratory staff and the Affiliates.

A new era in tech-transfer arrived with
the advent of Cooperative Research and
Development Agreements authorized by
Congress and incorporated into URA's
Fermilab contract in 1990. Previously,
under authority of the Bayh-Dole Act and
the Stevenson-Wydler Amendment, URA
had already entered into several licens-
ing agreements with companies to foster
commercialization of Fermilab inven-
tions. Exchanges and areas for transfer
include developments in supercon-
ductivity, cryogenics, data processing,
computer hardware and software,
computér-eontrols, fast electronics, ion
beams and sources;-high power radio-
frequency designs, cryogenie-vacuum
technology, and particle detectors.
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At the Neutron Therapy Facility, a new magnetic
contouring device is used to calculate the radiation
distribution for treatment.

Cancer Therapy

Fermilab scientists helped pioneer the
technology of using particle beams for
treatment of cancer. In June 1975, the
National Cancer Institute awarded a
grant for a Cancer Therapy Facility at
Fermilab to explore the effectiveness of
fast neutrons versus that of x-rays in the
management of certain types of cancer.
During its multi-phase transition to the
private sector, the treatment facility
was operated under contract with the
Midwest Institute for Neutron Therapy

and'is now under contract with Rush-
Presbyterian St. Luke’s Medical Center
of Chicago.

Fermilab also built a 250-million-
electron-volt proton accelerator for the
hospital of Loma Linda University Medi-
cal Center in California. The accelerator,
shipped to Loma\Linda in 1989, will
supply proton beams to five treatment
rooms that can handle 1,000 patients
per year. The first patients were treated
in October 1990.
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Conservation Programs

Fermilab was designed with various
forms of conservation in mind, from
energy conservation to prairie restora-
tion. For example, to preserve the
natural water supply, a recycling water
system cools the booster accelerator
ring and pumps the heated water into an
outdoor waterway through a full circuit,
providing habitats for fish, geese, ducks,
and swans through the winter. The
Nature Conservancy, assisted by
several hundred volunteers from the
area, has supported restoration of a
prairie landscape on the 600 acres
inside the Fermilab main accelerator
ring. Buffalo, deer, and waterfowl are
plentiful, and nature walks are organized
for local school children. In 1989, the
Laboratory was designated as a Na-
tional Environmental Research Park by
the Department of Energy.

Undergraduate and Precollege
Education Programs

Fermilab sponsors and participates in a
variety of educational activities, includ-
ing college-level internships and co-op
programs. Among them, for example,
are summer internships targeted to
minority students and physics majors
that include research assignments with
scientists or engineers. The Laboratory
also works with undergraduate institu-
tions to assign students to internships
during the school year. Fermilab partici-
pates in the National Consortium for
Graduate Degrees for Minorities in
Engineering and (with URA) in a gradu-
ate fellowship program in physics for
minority students.

The Laboratory sponsors 35 programs
for precollege teachers and students
under the auspices of the new Fermilab
Education Office. Funding is partially
from DOE, with external financial
support provided through Friends of
Fermilab with funding from the National
Science Foundation, DOE, the State of
llinois, and private donors. Key pro-
grams for high school students include
Saturday Morning Physics, science and
engineering for high-potential minority
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The Fermilab Education Office coordinates
programs to facilitate effective science teaching,
provides informal science experiences for young
students, and offers assistance in locating
resources for the science classroom.

students, and the DOE High School
Honors Research Program in Particle
Physics. Key teacher enhancement
programs include the several DOE-
sponsored initiatives for science and
mathematics teachers. A publication,
Topics in Modern Physics, has produced
instructional materials, suitable for intro-
ductory high school and college physics
classes. Over 20,000 students and
8,000 teachers participate annually in
the precollege programs.

The Fermilab Community

Fermilab also sponsors cultural activities
to which the public is invited. Laboratory
employees volunteer in support of an
arts series featuring dance, theater, and
musical ensembles; physics colloquia
and lectures on science and human
values presenting guest speakers; inter-
national, documentary, and feature films;
and an art gallery displaying work rang-
ing from technologically produced and
ethnic art to painting, photographs, and
sculpture.

For further information: (708) 840-3351.

The Department of Energy’s Teacher Research
Associates Program recognizes superior science
teaching and exposes teachers to state-of-the-art
scientific research equipment and procedures.
Here, a teacher from Alaska studies a position-
sensing photo detector while at Fermilab.
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he Superconducting Super
Collider (SSC) will be the world’s
largest and most powerful par-
ticle accelerator when it begins
operations at the end of this de-
cade. Guided and focussed by almost
10,000 superconducting magnets in a
54-mile oval tunnel deep underground,
two proton beams will travel in opposite
directions at nearly the speed of light,
reaching energies of up to 20 trillion
electron volts (20 TeV) each. The results
of head-on collisions between these
beams will be recorded for analysis by
particle detectors whose design, con-
struction and operation will push the
limits of modern technology on many
frontiers.
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Superconducting

Super Collider Laboratory
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The Magnet Development Laboratory, the first
building to be constructed on the SSCL site,
was completed in 1991.

Laboratory Director

The founding director of the SSC Labo-
ratory (SSCL) is Dr. Roy F. Schwitters,
former professor of physics at Harvard
University. Dr. Schwitters had served as
co-director and head of construction and
operations for the Collider Detector at
Fermilab and as a member of URA's
SSC Board of Overseers. Prior to 1980,
he was associate professor of physics at
the Stanford Linear Accelerator Center,
where he earned recognition for his
developmental work on detectors that
are now widely used in the field.

Origins of the Project

The roots of the SSC can be found in
discussions of a “Very Big Accelerator”
that began during the 1970’s among
members of the world high energy
physics community. The views of U.S.
scientists began to crystallize during

a 1982 workshop in Snowmass,
Colorado, sponsored by the American
Physical Society. There a consensus
was reached that a multi-TeV particle
collider using superconducting magnets
to guide two opposing proton beams,
each with energies between 10 and 20

TeV, was needed to address the most
important research issues confronting
the field. The technology of these mag-
nets—plus that of the cryogenic and
other systems needed to support
them—nhad recently been demonstrated
by the success of the Fermilab Tevatron,
which delivered beams with energies
close to 1 TeV. Physicists concluded that
a new collider generating energies up to
20 times higher was a technologically
feasible project.

After conducting reference design
studies, the U.S. Department of Energy
contracted in 1984 with URA to direct
the R&D program for the proposed SSC.
The implementation of this agreement
was organized according to a Memoran-
dum of Understanding endorsed by
Associated Universities, Inc., Cornell
University, Stanford University, Texas
Universities Consortium, URA, the
University of California, and the Univer-
sity of Chicago. URA established the
SSC Board of Overseers, an advisory
panel for the program. The Overseers
then established the SSC Central De-
sign Group, with Dr. Maury Tigner of
Cornell University as director. The group
produced a general conceptual design
in 1987.




The site of the SSCL—ElIlis County,
Texas—was ratified in early 1989 by the
administration after DOE selected it from
43 préposals and seven finalists. Labo-
ratory offices were opened near the site
in 1989, and a site-specific conceptual
design was completed in 1990.

1991 Milestones: Summary

In 1991 the SSC Laboratory began
making the transition from a project that
had existed mainly on paper to an insti-
tution in which real technical accom-
plishments were being made. Several
major contracts were awarded to indus-
try partners for laboratory facilities and
for prototypes of the more than 10,000
superconducting magnets required for
the collider. Total staff exceeded 1700,
with an increasing fraction devoted to
scientific, engineering and technical
tasks. Reflecting this growth, the annual
budget for the SSCL rose from $416
million in Fiscal Year 1991 (which in-
cludes $267 million from the DOE and
$149 million from the state of Texas) to
$614 million for Fiscal Year 1992 ($484
million from DOE and $130 million from
Texas in Fiscal Year 1992).

g and Development

In Jenuary, a contract was awargded

10 the team of Parsons, Brinkerhoff,
Quade and Douglas, Inc. of New York
and Morrison Knudsen, Inc. of /daho, in
association with CRSS, Inc. of/ Texas, to
serve as architect, engineer, dnd con-
tract manager for conventional facilities.
This team will oversee the désign and
construction of office, laboratory and
accelerator facilities, plus gome 70 miles
of tunnels. Preliminary plans for the two
SSCL campuses and conistruction activi-
ties have been drawn. The final “foot-
print” of the acceleratof complex was
established during the year. By mid-
October, title or rights to about 11,000
acres had been acgduired out of a total
of 16,460.

The first buildifg constructed on the
SSCL site, the Magnet Development
Laboratory fMDL), is essentially com-
plete. Labobratory staff are installing
equipment for the prototyping and
fabrication of SSC magnets. The
Accelerator System String Test (ASST)
building has also been completed and
1§ now being outfitted for tests sched-
uled to begin in late 1992. Under
construction are adjacent buildings
that will house helium refrigeration

and storage equipment supplied by
Processing Systems International.

Construction of the Magnet Test Labora-
tory (MTL) and the first magnet delivery
shaft began in the fall. The MTL will be
used to test both R&D magnets and a
portion of the industry-produced super-
conducting magnets as they are deliv-
ered for installation. The delivery shaft
will first provide access for a tunnel-
boring machine that will begin work in
1992; the shaft will later be used to
lower magnets into the tunnel. This
pattern will be repeated during the next
few years as four more such shafts

are excavated for tunnel access and
magnet delivery.

By late October, the staff of the SSCL
numbered 1,720, including visitors from
other labs and universities, temporary
or contract employees, and consultants.
The rapid staff growth has been accom-
modated by the purchase of a vacant
warehouse in Waxahachie now outfitted
with offices, laboratories, and machine
shops; it is being prepared for use as
the SSCL's central services facility.
About 600 accelerator-systems employ-
ees began moving to this facility in late
1991, awaiting permanent facilities on
the SSCL campus.



Cross-section of a helical electrostatic quadrupole magnet,

which will help focus the SSC's proton beams.

Magnet Development and Testing

Great progress was made in 1991 on
the development of superconducting
magnets for the SSC. After approvakby
the DOE, two contracts valued at-a total
of $267 million were awarded ji July to
General Dynamics and Westihghouse to
complete the design and bégin manu-
facturing the 15-meter dipole magnets
that are central to the gperation of the
SSC. The first stage of this work began
shortly thereafter, with employees of the
two companies working side by side with
Fermilab and Brookhaven staff to fabri-
cate prototype dipoles with the new 50-
mm aperture. In November the first of
these magnets were tested at the two
labs with very encouraging results. In
both cases, the magnet currents ex-
ceeded 7200 amperes—more than 10
percent above the designated operating
level of 6500 amperes. This feat repre-
sents a major milestone forthe SSC.

In 1991 the SSCL contracted Withtbe

Babcock & Wilcox Company to comptete
the design and begin initial production
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of the“superconducting quadrupole
magnets to be used in the Collider. This
firm will work with SSCL and Lawrence
Berkeley Laboratory to transfer the
magnet production technology to its
production facilities in Virginia. Super-
conducting correction magnets needed
to make small adjustments to the orbits
of the proton beams will be developed
under contracts with Babcock and
Wilcox, Everson Electric Company,
and Martin Marietta Strategic Systems.

Seven vendors—including IGC Ad-
vanced Superconductors, Teledyne SC,
and Oxford Superconducting Technol-
ogy in the United States—have been
selected to proceed with development
of superconducting niobium-titanium
wire and cable for winding the SSC
magnets. Plans are to review their pro-
duction readiness by 1993 and approve
those companies that qualify to serve as
suppliers for the manufacturers of the
SSC magnets.

In September, a string of five dipole
magnets, which had been fabricated

SSCL engineers and technicians wind
the coil for a prototype corrector magnet.

at Brookhaven with the old 40-mm
aperture, were successfully tested at
Fermilab—another important step in
the magnet development program.
Preparations are now well under way at
the SSCL for a string test in late 1992
(the ASST mentioned above) which
includes the 50-mm prototype dipoles
being built by General Dynamics and
Westinghouse, a prototype quadrupole,
and associated support equipment.
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Prototype dipole magnets on a test stand at Fermilab.

Successful tests of the redesigned 50-mm SSC

Scientific Program

During 1991 the SSCL made important
progress in defining its initial scientific
program. The Laboratory has already
received 21 proposals or letters of intent
from a total of more than a thousand
physicists describing new particle detec-
tors or potentially interesting experi-
ments. Guided by the Scientific Policy
Committee and the Program Advisory
Committee, the Laboratory Directorate
has determined the major outlines of
the SSC program.

Surrounding two SSC interaction
regions there will be large (more than
10,000-ton), general-purpose detectors
with complementary capabilities, ideally
ready to take data when the SSC beams
begin to collide in late 1999. In addition,
there will be several smaller experi-
ments at other interaction regions.
Because of the long gestation times
involved in designing and building the
two large detectors, planning for them
is already well under way.

collider dipoles were conducted in 1991 at
Fermilab and Brookhaven National Laboratory.

In January, the Laboratory approved
the Solenoidal Detector Collaboration
(SDC)—a group of more than 700 scien-
tists and engineers from over 100 insti-
tutions around the world—to proceed
with a complete technical design pro-
posal for one of the two large detectors.
In June, members of the two collabora-
tions whose letters of intent were not
approved by the SSCL met with other
physicists to begin developing a joint
proposal for the other large detector—
called GEM (for Gammas, Electrons,
and Muons). This collaboration is
already over 600 strong and each
month accepts additional physicists.

Although no formal commitments have
yet been made, the SSCL has received
letters of intent describing smaller
experiments that could be mounted
and has also reserved funds for these
experiments. SSCL engineers are cur-
rently designing appropriate facilities.

In preparation for testing, a technician inspects
the instrumentation of a full-size structural model
of a collider dipole magnet.
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Education Programs

In addition to being a laboratory for
frontier research in high energy physics,
the SSCL will also serve as a major
resource for science education at all
levels. To lead this effort Dr. Thomas
Gadsden was appointed head of the
new Education Office in April. Two of its
current activities include the “Adopt-a-
Magnet” program for elementary school
students and an internship program

for high school students and college
undergraduates.

The Education Office also coordinates
the SSC Fellowships, awarded annually
to promising young scientists throughout
the United States since 1990. Supported
by funds provided by the Texas National
Research Laboratory Commission, 24
SSC Fellows will spend the next aca-
demic year working at their home institu-
tions on research related to the scientific
goals of the SSC.

Industrial Organizations
and Technology Transfer

The third annual International Industrial
Symposium on the Super Collider was
held in Atlanta in March. The IISSC
promotes discussion among scientific,
government, and industrial partners in
the SSC program, emphasizing goals,
technical challenges, and industrial
opportunities.

The annual SSC fall conference was
held from October 13 to 17 in Corpus
Christi. Entitled “The Project, The
Progress, The Physics,” the meeting
explored most aspects of the SSC,
including the machines, the supercon-
ducting magnets, the evolving physics
research program, conventional con-
struction, computing, and education
programs. A major part of the confer-
ence was devoted to reports on detector
subsystems R&D.

For further information on the SSC:
(214) 708-9000.
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The 1991 summer intern program at SSCL introduced
dozens of high school and college students to the
SSC's scientific and technological potential.

The building for the Accelerator System String Test
(ASST) during an early stage of its construction,
which was completed in 1991.




SSC Advisory Committees

SSC Laboratory
Program Advisory
Committee

Jack Sandweiss (Chairman)
Yale University
Connecticut

Michael Albrow
University of Stockholm
Sweden

Guido Altarelli
CERN
European Consortium

Martin Breidenbach
Stanford Linear Accelerator
Center

California

Michael V. Danilov

Institute of Theoretical and
Experimental Physics, Moscow
(Soviet Union)

Estia Eichten
Fermilab
lllinois

David J. Gross
Princeton University
New Jersey

J.D. Jackson
Lawrence Berkeley Laboratory
California

Peter Jenni
CERN
European Consortium

Tune Kamae
University of Tokyo
Japan

Vera Luth

Stanford Linear Accelerator
Center

California

William J. Marciano
Brookhaven National Laboratory
New York

Stephen L. Olsen
University of Rochester
New York

Felicitas Pauss
CERN
European Consortium

James E. Pilcher
Enrico Fermi Institute
Hinois

A.J. Stewart Smith
Princeton University
New Jersey

Hugh “Brig” Williams
University of Pennsylvania
Pennsylvania

Gunther Wolf
DESY
Germany

SSC Scientific Policy
Committee

Jerome |. Friedman (Chairman)
Massachusetts Institute

of Technology

Massachusetts

Thomas W. Appelquist
Yale University
Connecticut

Karl Berkelman
Cornell University
New York

Luigi Di Lella
CERN
European Consortium

Haim Harari
Weizmann Institute of Science
Israel

Leon M. Lederman
University of Chicago
lllinois

Lev Okun

Institute of Theoretical and
Experimental Physics, Moscow
(Soviet Union)

Robert B. Palmer
Brookhaven National Laboratory
New York

William H. Press
Harvard University
Massachusetts

John Rees
SSC Laboratory
Texas

Paul Séding
DESY
Germany

Douglas G. Stairs
McGill University
Canada

Hirotaka Sugawara
KEK
Japan

Samuel C.C. Ting
CERN
European Consortium

Rene Turlay
CEN Saclay
France

Steven Weinberg
University of Texas—Austin
Texas

SSC Machine
Advisory Committee

Roy Billinge (Chairman)
CERN
European Consortium

Alex W. Chao
SSC Laboratory
Texas

Michael Craddock
TRIUMF
Canada

Lyndon Evans
CERN
European Consortium

Alexander N. Skrinsky
INP, (USS) Academy

of Sciences, Novosibirsk
(Soviet Union)

Hermann A. Grunder
Continuous Electron Beam
Accelerator Facility
Virginia

Michael Harrison
Fermilab

lllinois

Donald L. Hartill
Cornell University
New York

Y. Kimura
KEK
Japan

James McEwan Paterson
Stanford Linear Accelerator
Center

California

John Peoples
Fermilab
lllinois

Grahame H. Rees
Stanford Linear Accelerator
Center

California

Alvin V. Tollestrup
Fermilab
llinois

Users Organization
for the SSC

David G. Cassel (Chairman)
Cornell University
New York

Robert K. Adair
Yale University
Connecticut

Maris A. Abolins
Michigan State University
Michigan

Robert N. Cahn
Lawrence Berkeley Laboratory
California

Roger J. Cashmore
Oxford University
United Kingdom

Alex W. Chao
SSC Laboratory
Texas

Thomas J. Devlin
Rutgers University
New Jersey

Paul D. Grannis
SUNY—Stony Brook
New York

Daniel Green
Fermilab
lllinois

Gordon L. Kane
University of Michigan
Michigan

Anne Kernan
University of California
—Riverside

California

Lawrence E. Price
Argonne National Laboratory
lllinois

21



Fiscal Year 1992
Funding Profile

($ Millions)

Total DOE Funding $ 584.6
Fermilab $216.6
Operations $160.9

Capital Equipment 955.7
and Construction

SSC Laboratory $ 368.0
Operations $120.1
Capital Equipment  247.9

and Construction
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Organization Structure

Membership and Boards

URA conducts its affairs under the
authority of its member universities,
through a Council of Presidents. The
council appoints the Board of Trustees,
which in turn appoints a Board of Over-
seers for each major research activity.

Directors and staffs of URA-operated
facilities are monitored by a separate
Board of Overseers for each activity.
Each board is responsible for oversight
of the general management and opera-
tion of assigned programs. The directors
of each major research facility are
selected by the Board of Trustees with
the approval of DOE. The combined
total number of URA employees at the
corporate headquarters and at affiliated
activities now exceeds 3,000. Daily
operations are coordinated directly
between facility management and the
appropriate DOE operations office or
DOE headquarters.

In order to give its boards a truly
national character, URA originally
established geographic regions within
the United States. The Council of Presi-
dents elects one trustee from each of
the seven regions; each regional trustee
is president or the equivalent chief ex-
ecutive officer of a member institution

in the region. In addition to regional
members, there are up to eight at-large
trustees and eleven at-large members
of each board of overseers.

URA board members over the years
have included chief executive officers of
major industrial corporations, corporate
vice presidents, and university presi-
dents and vice presidents. Boards have
also included winners of major science
prizes, including Nobel laureates, as
well as directors of major research labo-
ratories. In 1988, the first URA overseer
at large from Europe was appointed to
the SSC Board, and in 1991, the first
overseer at large from Japan joined

that Board.

Each member university has agreed
to contribute up to $100,000 to URA on
the call of the URA trustees. Since the

formation of the corporation in 1965,
assessments have totaled $30,000

per charter member. The availability

of these funds has been a great source
of assistance to the corporation. For
example, initial construction of buildings
at Fermilab, later repurchased by the
AEC, helped to save approximately one
year in accelerator construction time.
URA funds have been used almost
exclusively for expenditures that, for
one reason or another, could not be
made with funds derived from the
Federal Government.

Headgquarters Office

Corporate officers include leaders of
the URA governing bodies (Council of
Presidents and Board of Trustees) and
administrative officers at headquarters in
Washington, D.C. Headquarters officers
are the president, the vice president/
secretary and the treasurer/controller.
The Washington staff includes a staff
scientist, a staff associate for communi-
cations, a staff associate for meetings,
and two administrative staff members.

As chief executive officer, the

president is responsible for overall
policy development and general man-
agement of URA and its research facili-
ties. The laboratory directors report
directly to the president. The vice presi-
dent is responsible for planning and
coordination, with the assistance of the
staff associate for meetings, in support
of the Council of Presidents, the Board
of Trustees, and the two Boards of
Overseers; for management guidance
of Fermilab and SSCL activities; and
for administration of the DOE contracts.
The treasurer manages corporate
accounts, coordinates audits, and pre-
pares financial statements. The staff
scientist assists the president in provid-
ing liaison to the scientific community
and responding to technical inquiries
from the public. The staff associate for
communications reports on legislative
actions affecting URA and develops
corporate communications.




Organization Chart

Council of Presidents

Thomas E. Everhart
(California Institute of Technology)
Chairman*
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1991 URA Boards

Board of Trustees Fermilab Board SSC Board
of Overseers of Overseers
Regional Trustees Regional Overseers Regional Overseers
Region Term Expires Region Term Expires Region Term Expires
1 William Gerberding 1994 1 Roberto Peccei 1994 1 Peter A. Carruthers 1993
University of Washington University of California University of Arizona
2 Hanna Holborn Gray 1993 —Los Angeles 2 Don Reeder 1994
University of Chicago 2 Leland E. Holloway 1992 University of Wisconsin
3 William Davis 1992 University of lllinois —Madison
Louisiana State —Urbana 3 Neal F. Lane 1993
University 3 Ge‘orge.R. Kalbfleisch 1992 Rice University
4 Agnar Pytte 1994 University of Oklahoma 4 Homer A. Neal 1994
Case Western Reserve 4 David K. Scott 1993 University of Michigan
University Michigan State University 5 Robert Gluckstern 1994
5 Joe B. Wyatt 1993 5 Charles E. Putman 1992 University of Maryland
Vanderbilt University Duke University —College Park
6 Harold T. Shapiro 1992 6 Paul F. Slattery 1992 6 **Robert Hollebeek 1992
Princeton University University of Rochester University of Pennsylvania
7 *John H. Marburger 1994 7 Robert K. Adair 1993 7 Frank Sciulli 1992
SUNY—Stony Brook Yale University Columbia University
Trustees at Large Overseers at Large Overseers at Large
William R. Frazer 1994 William V. Braun 1993 Roy Billinge 1994
University of California Motorola, Inc. CERN
System David H. Cohen 1994 Martin Blume 1993
Emanuel J. Fthenakis 1992 Northwestern University Brookhaven National
Fairchild Industries E. William Colglazier 1994 Laboratory
—retired University of Tennessee B.O. Evans 1994
Robert Galvin 1993 *Maurice Glicksman 1993 Technology Strategies
Motorola, Inc. Brown University and Alliances
Leon M. Lederman 1992 : Harold Forsen 1994
IH 1994 :
University of Chicago and Icrawzlian:njr?ir\lersity o Bechtel Corporation
Director Emeritus, Robert A. Frosch 1993
Fermilab Kenneth Heller 1992 : :
. : : General Motors Corporation
Marian Mevemsan 1993 University of Minnesota
. B D. McDaniel 1
2M Companies Mehiiprend bl b Cg)rlr?:” Uni\?er:i?le 4
, University of Chicago ¥
George P. Mitchell 1994 o . Albert Narath 1992
Mitchell Energy & s e e Sandia National Laboratories
Development Corp_ UnS|VerS|ty Of Ca“fornla e e ;
_Ean D \ H. k 1993
**Robert C. Stempel 1993 . 'eQO. Sta%fg?dnginear b
Genera' Motors Robel’t R W||Son 1992 A | t C t
Corporation Cornell University T CE
—retired Tetsuji Nishikawa 1993
H. Guylond Stover IOk Director Emeritus, Fermilab Science University of Tokyo
National Academy _
of Engineering Martin Walt 1992
—retired Lockheed Missiles
and Space Company
*Chairman **Vice Chairman Bjorn Wiik 1992
DESY
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