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1. State of the Laboratory 
Prospice Adspice Respice 

This fourth annual report, cov
ering the calendar year 1982, uses a 
somewhat different format as we strive 
to present a coherent record of the 
Laboratory. We are aware that such 
records are not only useful for com
municating with colleagues, policy 
makers and, generally, with the inter
ested public, but also useful for 
historians and sociologists. These 
scholars will place our efforts within 
the context of world activities, will 
examine our products, compare with 
other laboratories and seek to under
stand the origins of the relative suc
cesses and failures. The products are 
easily judged: publications, cita
tions, peer opinions. The underlying 
factors are often so much more subtle. 
Here elements of style, environmental 
mood, managerial competence, luck and 
the capability of seizing the opportu
nities all play a part, together, of 
course, with funding and the skills it 

takes to insure that either the resour
ces exist to succeed, or, from the 
other side, success can be achieved 
within the resources allocated. 

In this review, we will cover the 
main events of 1982 in a highly subjec
tive and personalized manner, occasion
ally drifting backward to set the stage 
and projecting forward to expose our 
hopes. Since high-energy particle 
physics is our business, we have re
served considerable space below for an 
account of where this subj ect stands, 
what role we have played in it, and 
what part our present constructions 
will permit us to address, as they 
become operational in the 1983-1986 
period. 

We note finally that 1982 marks 
ten years since the start of the exper
imental program and a review in detail 
of the results seems appropriate. 

The Physics Program: The Accelerator 

The High Energy Physics (HEP) pro
gram started January 1 and ended June 
14, 1982. This run followed a seven
month shutdown which was extended from 
a planned five-month Saver installation 
period because of budget constraints. 
In order to insure an efficient turn
on, accelerator systems were restored 
and checked during innumerable midnight 
and weekend shifts - beginning back in 
September of 1981. Because this was to 
be the last running period of the con
ventional 400-GeV accelerator , we were 
intent to have a reliable period of 
operation. The spread of experiments 
put great demands on the accelerator: 
we needed lots of protons delivered to 
many areas and in a bewildering variety 
of modes: e.g., 1 msec fast spill, 1.4 

and 2 ms fast spills, pings, micro
pings, mini -pings, maxi -pings, and for 
one user, a 250-GeV 1-ms fast spill. 
All of this was superimposed on the 
400-GeV slow spill for the majority of 
users. Our geniuses in the control 
room pretty much satisfied these re
quirements and managed to set several 
new operational records: 4.61x10 13 

protons per pulse in the Booster and 
3.25x10 13 protons per pulse in the Main 
Ring at 400 GeV. (The 1981 record was 
3.02 x10 13 ppp.) The accompanying fig
ure illustrates the intensity history 
of our machine. We record in Table I, 
some of the data on utilization over 
these past three years, each suffering 
from the combination of Saver construc-



tion and financial stringency. One 
should recall that the previous four 
years had averaged 4200 hours of REP 
time and a higher repetition rate than 
our more recent power bill allocation 
would allow. 
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As it turned out, we did better in 
1982 than we expected--Victoria' s mes
senger arrived in the nick of time with 
funds to add two crucial weeks to the 
run and we managed to eke out the best 
data of these three lean years. 

Table I. Summary of Accelerator Operations 

KEP Actual 
KEP Scheduled 
Actual/Scheduled 

Studiel Actual 
Studieo Scheduled 
Actual/Scheduled 

Start-up Actual 
Start-up Scheduled 

Tuning Actual 
Tuning Scheduled 

Accelerator Failure 

Oper.tiona Bour. Actual 
Operation. lIours Scheduled 

Shutdown Actual 
Shutdown Scheduled 

Ad hoc Shutdown Actual 
Ad hoc Shutdown Scheduled 

Total Bours 

Total , of Proton. Accel. (10 17) 
Total , of HUn ling 1Wa~. 
Total to lleaon Area (10 1 ) 
Total to NeutriDo Area (10 17) 
Total to Proton Area (10 17) 

1980 

2401.30 
3055.60 

79% 

530.30 
563.50 

94% 

426.20 
360:20 

23.70 
0 

591.60 

3973.10 
3979.30 

4801.50 
4804.70 

9.40 
0 

8784.00 

114.64 
947, III 

23.45 
53.36 
27.62 

Hours 

~ 

2148.05 
2715.20 

79% 

126.04 
169.50 

74% 

218.80 
407.50 

76.12 
0 

615.99 

3285.00 
3292.20 

5454.90 
5467.80 

20.10 
0 

8760.00 

142.57 
848,779 

16.37 
72.87 
45.71 

1982 

2730.30 
3495.00 

78% 

176.30 
206.00 

86% 

0 
0 

128.10 
0 

587.55 

3622.65 
3701.00 

5106.60 
4693.00 

30.75 
0 

8760.00 

151.54 
863,603 

32.32 
81.98 
26.90 

The Physics Program: Experiments 

In our 1982 run, some 
ments took data. Of these, 
not completed; the rest were 
be completed in the sense 
than 70% of the commitments 

21 experi
five were 

defined to 
that more 

to the ex-
periment were delivered. In a better 
situation, one with a higher assurance 
of good physics per experiment, beam 
delivered would have exceeded 100% of 
commitment. Other statistical factors 
are that 91 teams from 60 institutions 
completed experiments which had pro
posal dates varying from November 1974 
to February 1981, the mean being mid-

1978, Le., a four-year interval! See 
Table II. We leave it to the reader to 
ponder the implications of this kind of 
sociology. Of course, at this writing 
we do not have physics results from 
these runs. In general, the physics 
explored covered a wide range of obser
vations. Neutrinos were used to probe 
quark behavior (E-594, 613, 701) and to 
determine if neutrinos can oscillate 
(E-701). Four experiments explored the 
process in which quarks annihilate with 
antiquarks (E-326) when protons and 
pions carry in the constituent quarks 
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and (E-537) when antiprotons carry the 
quarks. One of these (E-615) probed 
the validity of the theory of quarks, 
QCD, in a very sensitive domain of the 
kinematic variables. One experiment 
(E-617) studied the phenomenon of CP 
violation, in an attempt to pin down a 
crucial constant. Two others involved 
the observation and measurement of 
polarization and magnetic moments of 
hyperons (E-555, 619) as a test of the 
theory of how quarks fit together to 
compose these obj ects. How quarks and 
gluons emerge from hard collisions and 
manifest themselves as "j ets" was the 
obj ective of E-609. A study of the 
ways in which photons can dissociate 
into states with the same quantum 
properties was performed (E-612). 
Other "classical" experiments in the 
30-in. bubble chamber (E-526, 570, 597) 
concentrated on soft collisions at high 
energies--on collisions of incident 

particles with complex nuclei where the 
observation of details leads to a large 
variety of special issues. 

Table II. 

~ Title 

326 Di -muon production by pions 

400 Charmed particle production by neutrons 

466 Nuclear fragments from proton-nucleus collisions 

515 Charmed particle production 1n hadronic inter
actions 

537 Di-muon production by antiprotons 

555 AO production at high Pt 

565 Hadron. in the 30" bubble chamber with plates and 
570 down- stream particle spectometer 

594 Neutrino inte ractions in a fine grain detector 

597 Hadrons in the 30" bubble chamber with plates and 
down - stream particle spectrometer 

605 Production of leptons and hadrons near the kine
ma t ic limi t 

609 Hadr onic jet production 

612 Diffractive photon dissociation on hydrogen 

613 Neutrino production in a beam dump 

615 Forward production of massive par t icles 

617 Measurement of I no/ n + J 
619 r- A transit ion magnet moment 

It is clear that in the above 
experiments we are concentrating on 
illuminating the hadronic structure, 
composed of quarks in strong, weak , and 
electromagnetic interaction with the 
incident probes. In another class of 
research (E-400 , 515, 623, 630, 673), 
searches and measurements are made on 
the most subtle aspects of the quark 
theory, the fleeting presence of very 
massive quarks in nuclear 1lJ8tter, the 
charm and bottom quarks. 

Further details on these exper
iments may be obtained by consulting 
the Fermilab Research Program Workbook 
for 1982 and by watching the physics 
literature. 

Experiments Run in 1982 

Institutions 

Chicago, Princeton 

Colorado, Fermilab, Illinois, Milano, Pavia 

ANL, Chicago, Illinois Chicago Circle, Purdue 

Carnegie-Mellon, Fermilab, Northwestern, 
Notre Dame 

Athens, Ferml1ab, McGill, Michigan, Shandong 

Michigan, Minnesota, Rutgers, Wisconsin 

Brown, College de France, Ferml1ah, Indiana, 
MIT, Nljmegen, Oak Ridge, Rutgers, Stevens, 
Tel Aviv, Tennessee , Tohoku, Tohoku Gakuin , Yale 

Fermila b, lIT, MIT, Michigan State, Northern 
Illinois 

Cambridge, Duke, Fermilab, Kansas, Michigan 
State, Notre Dame 

CERN, Columb i a, Fe rmilab, KEK, Kyoto, Saclay, 
SUNY Stony Br ook, Was hi ng t on 

ANL, Fermilab, Lehigh, Pennsylvania, Rice, 
Wisconsin 

Rockefeller 

Firenze, Fermilab , Michigan, Ohio State, 
Wisconsin 

Chicago, Fermilab, Iowa State , Princeton 

Chicago, Sa clay 

Michigan, Minnesota, Rutgers, Wisconsin 

Proposed Completed 

5/74 4/82 

5/75 In progress 

1/76 In progress 

10/76 3/82 

2/77 2/82 

5/77 2/82 

6/77 6/82 

2/78 6/82 

2/78 5/82 

5/78 In t est stage 

to/78 In progress 

10/78 4/82 

10/78 5/82 

11/78 In progress 

1/79 In progress 

5/79 6/82 
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Table II. Experiments Run in 1982 (Cont.) 

~ Title ______ -=l:.:..:n::..:s t'-"i.::.;tu;:.::t .::.;io::,:.n"'-s_______ Proposed ComplC!ted 

623 Particles decaying into •• Ar izona, Fermilab, Florida St ate, Not re Dame, 
Tufts, Vanderbi lt , VPI 

5/79 6/82 

630 Study of charmed particles using a high r eso
lution s treame r chamber 

Fe rmilab, LBL, Yale 2/80 3/82 

660 Channeling in crystals CERN, Chalk River, Dubna, Fermilab, New Mexico, 
SUNY Albany, Strasbourg 

6/80 6/82 

673 X meson production by hadrons Fermilab, Illinois, Pennsylvania, Purdue, Tufts 2/81 4/82 

70 1 Neutrino oscillations Chicago, Columbia, Fermilab, Rochester 2/81 6/ 82 

72 0 Free quark search ANL, Fermilab 1/ 82 10/ 82 

The Physics Program: Theoretical Physics 

We should be reminded of the role 
of theoretical physicists in an accel
erator laboratory: 

(1) 

(2) 

(3) 

They must provide guidance to 
the in-house staff. 

They must support the users in 
residence "in loco universitas," 
both by being available for con
versation, and also by providing 
an Academic Lecture series-
especially for the sake of resi
dent graduate students. 

They must be available to advise 
the staff on dire~tions for the 
Laboratory, i. e., to constantly 
evaluate the state of the 
science and direct the future 
developments so as to best 
address the open questions. 
Like the investment counselor of 
the everyday world, the theorist 
can layout the risks and profit 
possibilities. 

(4) 

(5) 

Theorists must help 
coming proposals on 
tinuous basis than 
Advisory Committee. 

evaluate in
a more con
the Physics 

Finally, theorists must help set 
the intellectual climate of the 
Laboratory. By their seminars, 
colloquia, coffee discussions, 
by their journal clubs, and 
attendance at the experimental 
or accelerator seminars, they 
accomplish this important task. 

Once one embarks on establishing a 
theory group, it develops its own needs 
and rationale for achieving size and 
balance. The group listed on page 6 is 
still below the level appropriate to 
the size of the Laboratory, and we are 
in the course of seeking excellent new 
prospects. 

In a year when so 
Laboratory's energi'es and 
devoted to invention and 

much of the 
passions are 
construction, 
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to the actualization of ideas, it may 
be appropriate counterpoint to high
light an activity which results in less 
tangible products. The output of the 
theory group is to be measured not 
merely in the span of talk-filled hours 
or in the number of trees that have 
given their lives for their preprints, 
but also in the near ineffables of am
bience, inspiration, and intellectual 
ferment. 

I would add to the functions of 
the theory group the task of seeking to 
create a milieu in which physics and 
physicists can flourish. 

This broader calling was recog
nized early in the h~story of the 
laboratory by Bob Wilson and Ned Gold
wasser. They enlisted the help of dis
tinguished senior theorists, notably 
Sam Treiman of Princeton and Dave Jack
son of Berkeley to oversee the Theory 
Year Program which provided a theo
retical presence until a permanent 
group could be assembled. When the 
Laboratory had the great good fortune 
to attract the late Ben Lee as Depart
ment Head, building a staff and a tra
dition began in earnest. It is Ben 
Lee's vision that we seek to fulfill 
today. 

Our program has two important com
ponents: the development of an out
standing resident theoretical group and 
the operation of a vigorous visitors 
program. 

In the recent past, the Fermilab 
group has provided facilities (and in 
many cases, support) to 150-200 visi
tors per year. Most visits last for 
periods of a few days to a month. A 
number of important benefits are de
rived from this large flux of visi
tors. It enriches the theoretical 
activity at Fermilab, and exposes the 
Fermilab experimental program to a wide 
range of theoretical ideas and opin
ions. Beyond that, it makes a signifi
cant contribution to the national 
theoretical physics program by pro-

viding stimulation, both theoretical 
and experimental, to university physi
cists. A special effort has been made 
to include prom~s~ng young theorists, 
as well as established senior theorists 
in the program. Like Fermilab as a 
whole, the visitors program has a dis
tinctly international flavor. 

The Theoretical Physics Department 
makes key contributions to the intel
lectual life of the Laboratory. Mem
bers of the department organize weekly 
theoretical seminars and the weekly 
joint experimental theoretical ("wine 
and cheese") seminar. A series of 
academic lectures on current research 
topics is intended as cultural enrich
ment for experimental graduate students 
(and others). Members of the group 
also are frequently called upon to 
speak at laboratory workshops and in
formal soirees on specific physics 
topics. A few members of the group 
participate regularly in meeting of the 
Laboratory's Physics Advisory Commit
tee. Others have become involved with 
particular proposals or experiments 
through the godfather program. Of 
course, informal interaction with 
experimentalists takes place regularly. 

Current research interes ts of the 
group can be extracted from the publi
cations listed elsewhere in this 
Report. Recent acti vi ty has covered 
many of the most timely and important 
topics in high-energy physics, includ
ing applications of quantum chromo
dynamics (both perturbative and nonper
turbative), the study of quarkonium 
systems, the development of methods for 
the exact solution of quantum field 
theories in two models, and grand 
unification. A few members of the 
group have taken an interest in accel
erator topics or in cosmology. Several 
members have also developed active col
laborations with groups at other labor
atories and universities. 

Here we note a significant ad
dition: the Fermilab Astrophysics 
Group, partially funded by a three-year 



NASA grant. The rationale is clear: 
the increasingly fruitful conversation 
between particle physics and astro
physics continues to be intense; what 
happened in the early universe and how 
galaxies were formed provide con
straints and ideas for experiments at 
Fermilab. There seems to be a con
nection between the width of the ZO 
particle and the helium abundance in 
the universe. The nature and flux of 
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monopoles and the validity of supersym
metric grand unified theories are 
closely involved with efforts to model 
evolution during the first few thou
sands of a picosecond in the life of 
the universe. 

Recruiting for the new group has 
progressed very well, and we look f or
ward to this new group stirring up lots 
of trouble in 1983. 

TheoT'etical Physics DepaT'tment in 1982 

AdministT'ative SUppOT't : 

E. MooT'e, P. aleck, G. Rudd 

Physicists: 

c. AlbT'ight (NoT'theT'n Illinois UniveT'sity), 
W. BaT'deen, 

E. BeT'geT' (A T'gonne Nationa Z LaboT'toT'Y), 
J. BjoT'ken, S. Dawson, 

L. DUT'and (UniveT'sity of Wisconsin), 
E. Eichten, C. Hill, 

R. HueT'ta (CINVESTAV-IPN, Mexico), 
J. Lucio (CINVESTAV-IPN, Mexico), 

P. Mackenzie, 
M. Moshe (Technion-IsT'ael 
Institute of Technology), 

S. Mting!JX1., 
R. Oakes (NoT'thwesteT'n UniveT'sity), 

J. a liens is, C. Quigg, 
J. RosneT' (UniveT'sity of Chicago), 

A. Schellekens, J. Schonfeld, 
D. SchT'amm (UniveT'sity of Chicago)~ 

A. Sen, T. TayloT' (UniveT'sity of WaT'saw) 
H. Th:zckeT', W. Tung (IIT, Chicago), 

A. White (A T'gonne National LaboT'atoT')f), 
C. Zachos, 

Z. Bang-Rang (China UniveT'sity 
of Science and Technology) 
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Chris Quigg 

C OSIrUS Zac hos 

Mary K. GaiZZapd Chris Hill 
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Sekazi Mtinguxx 

Paul Mackenzie 

Jonathan Schonfeld 
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John OZiensis 

Tom Taylor' 

/ 

/ 

Randy Dumnd Sally Dawson 



-10-

The Construction Projects: Energy Saver 

AcceZe patop Division Staff 

AcceZe patop Ope Patop Cpew Chiefs: 

R. Angstadt , T. Ashep, D. Baddopf , R. Benson, 
P. Emma, L. HaZZahan, B. Hanna, 

E. Ha pms, B. Rendpicks, 
M. Henpy, D. John son, L . KZamv, E. MacheeZ , 

J . MeaZy, 11. OZ son, D. Patte pson, 
D. Rohde, G. RoyaZ, J . Smedinghoff, G. Smi t h, 

M. Syphe ps, M. Ut e s, T. WiZZiams 

Administpative Suppopt: 

H. Dick, N. Faxon, M. GZea son, L. Hanaba pgep, 
M. Ha pvey, L. Lopez, C. MepkZe p, M. PauZ , 

N. Poo pe, M. Richapdson, V. Stazak, J . TinsZey 
C. Vanecek, P. WapfieZd, E. WiZZiam s 

Const puction Coo pdinato p: 
D. Smith 

Deput y Head, Neutpon Thepapy Faci Zity: 
L . Cohen 

M. Ackmann, H. Bapbep, A. Bapt, M. Batti sta, 
D. Bpeyne, R. DiveZbiss, J . Edwapds, 

R. GZooP, R. Gopge, R. Haping, D. MoZine, 
C. PaZZave p, A. Papkep, A. Rehbein, 

D. Schmitt, T. Schmit z, T. Sengmanivong, 
R. Smith, G. TePmansen, S. We sseZn 

Engineeps: 

E. Ande pson, R. Andpews, L. Bapt eZson, 
D. Beechy, G. BiaZZa~ K. BoupkZand, 

S . BPi stoZ , J . CPisp, J . DinkeZ , A. DonaZdson, 
R. Ducap, R. Fe ppy, J . Fitzge paZd, 

A. Fpanck, J . Fpitz, R. Fuja, 
R. Hanson, W. Knopf, G. Kpaf cz yk, F. Lange, 

G. Lee , T. Lincicome, J . Lockwood, 
J . Maka pa, D. Ma pti n, M. Ma ptin, M. May, 

W. Me pz, H. MiZ Ze p, J . Mi sek, 
M. PaZmep, R. Pappy, 

T. Petepson, H. Pfeffe p, S . Reeve s, 
J . Reid, R. ReilZy, R. RiheZ , 

C. Rode, J . Ryk, J . Satti , L. Saue p, 
T. savoPd, K. Seino, J . TheiZacke p, E. TiZZe~ 

G. TooZ , D. WoZff, J . ZageZ 

EngineePing Physicists: 

H. Bapton, A. Cpawfo pd, R. FZopa, J . Gannon, 
R. Ge pig, J . Lackey, S. Lackey, 

C. McCZu pe, K. Mei snep, 
11 . Stone, K. Ueno, R. Webbe p, P . Yu pista 

ExpepimentaZ Apea FZoo p Managep: 
D. Mi zicko 

There were, in 1982 , oscillations 
of better and worse news superposed 
upon a steady progression towards the 
endpoint. The start of preparations 
for the physics program in December 
1981 drove the builders out of the 
tunnel with only three-fourths of the 
A-sector complete. Still , this repre
sented a substant i al advance over our 
previous experience in operating long 
strings of superconducting magnets: 
ninety-four dipoles, twen ty-four quad
rupoles and twenty-four spool pieces 
had been made vacuum tight along with 
specialized cryogenic elements, embel
lished with monitoring equipment and 
computer contrbls. These were cooled 
to 4K by three satellite refrigerators 
and the Central Helium Liquefier-
scheduled to have its f i rst serious 
operating test. 

This "3/4 A-Sector test " continued 
through the five months of the 400-GeV 
run. The tests demonstrated the abil
ity to install, cool down, maintain, 
and operate an extended cryogenic sys
tem under microprocessor control. 
Remember that there are two sources of 
potential energy stored i n the magnets 
during operation: the poten t i al expan
sion of liquid helium to gas and the 
energy stored in the magnetic field 
when the windings are energized to 4400 
amperes. For a variety of reasons, a 
superconducting magnet might stop 
superconducting. It then becomes a 
matter of intense i nterest to remove 
all stored energy before the magnet is 
destroyed. This is one of the novel 
challenges faced by our designers. 

The system to detect the onset of 
such "quenches, " (the QPM system) the 
specialized, high-current, fast circui
try to move the electrical energy from 
the affected magnets (the QBS system) 
and the positive-control valve system 
to remove the liquid helium from the 
affected magnets (the Kautzky valve 
system) were all tested intensively and 
extensively during this period. 
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Results from these tests were used 
to methodically improve the hardware 
and software for the system. By the 
time the 3/4 A-Sector Test was termi
nated in June, the 142-magnet ensemble 
was pulsing routinely at the 900-GeV 
level using the planned Tevatron duty 
cycle. 

Under these conditions, the system 
was subjected to maximum stresses in 
all the accessible parameters without 
damage. 

Starting with the termination of 
the 400-GeV physics run in June, when 
the Main-Ring tunnel was once more ac
cessible, the Saver project has been 
focused on completing the entire in
stallation. An intermediate goal was 
to bring on and tes t two more sectors, 
E and F, incorporating all the resul ts 
of the A-Sector tests. Installation 
and debugging of all the necessary 
systems were completed by mid-November, 
and the cool-down of the magnets was 
initiated. This test involves a third 
of the full ring and makes use of the 
more sophisticated VAX-PDP 11/34 con
trol computer network. The front end 
of the system involves 500 microproces
sors communicating with the VAX through 
the front end PDP 11/34. (The 3/4 A
Sector Test still used the older Xerox 
530 computer system.) As installation 
is completed successively in D-, C-, 
and B-sectors, they will be cooled down 
and brought on line so that a smooth 
transition will be made from instal
lation to Saver commissioning with beam 
when the integrity of the Main Ring is 
restored in the spring by completion of 
the Collider Detector Facility Col
lision Hall. 

As of year's end, bottlenecks to a 
completely cold and leak-tight ring 
appear in many of the required systems. 
Throughout '82, this dubious honor had 
jumped from system to system. The 
story is a continuum of crises and 
response to crises. However, it does 
appear plausible that spring will find 
us close to trying to trace the first 

Pab~ication Specialist: 
G. Jugenitz 

Read, Neut~on The~py Facility : 
F. Rend~ickson 

Nu~se : 

B. Deke 

Ope~ations Specialists : 

L. Allen, B. Ba~e s, J . Cpawfo~d, 
J . Enge lb~echt, J . Hogan, W. Kissel, R. Kola~, 

F. K~zich, R. Mau, D. Plant, S. Tawze~, 

A. Thoma~ R. Vanecek, J. Ziobe~ 

P~og~amme~s/Systems Analysts: 

C. B~iegel, K. Cahill , L. Chapman, 
J . Fi~ebaugh,. M. Glass, I? Goodwin, G. Johnson, 

C. Lee, W. Ma~sh, R. McLin, S . Mo~~i s, 
F. Sample, M. St opm, A. Walle~, 

T. Watt ~ L. Winte~owd 

Radiation Oncology Clinical 
Re sea~ch Coo~dinato~ : 

J . Man sell 

Safety Enginee~s/Office~s: 
C. Bonham, R. Casebolt 

Scientists : 

C. Ankenb~andt, M. Awschalom, F. Beck, 
V. Boge~t, S . Child~ess, C. Cu~ti s, A. DeLucio, 

R. Dixon, D. Edwa~ds, 
H. Edwa~ds, D. Finley, W. Fowle~, 

M. Gopmley, T. G~oves, M. Ha~Pi son, R. Hu son, 
R. John son, H. Jostlein, Q. Ke~ns, 

K. Koepke , P. Kupup, P. Limon, P. Ma~tin, 
L . Michelotti , C. Moo~e, G. Mulholland, 

T. Mu~phy, F. Nagy, D. Neuffe~, 
K. Ng, S . Ohnuma, J . OT'7', 

C. OWen, S. Ppuss, F. Rad, R. Raja, 
R. Rice, I . Rosenbe~g, A. Russell , 

C. Schmidt, S. Segle~, M. Shea, S. Snowdon, 
L. Teng, R. Tenqaken, T. Toohig, 

E. T~eadwell , A. VanGinneken, R. ~alke~, 
J . Walton, D. Wildman 

Technicians : 

M. A damu s, P . Adde~ley, R. Afanado~, 
'1 . Albe~tus, ,J . Ande~son, L. Ande~son, 

A. Anello, R. Applegate, 
G • .4thanasiou, D. Augustine, M. Augustine, 

B. Bennett, L. Benson, L. Be~~y, 

A. 8eutZe~, J . Biggs, B. BilLenstein, 
S . Bje~kZie, D. Black, 

R. Books, R. Bosse~t, L. B~adley, R. B~azzale, 
R. B~ooke~, J . B~own, J . B~own, 

L. B~own, N. B~OI,;n, W. Ca~l , A. Ca8pe~son 
R. Cassidy, D. Chasco, B. Chase , 

H. Ch~ist, M. Cichon, B. Claypool , P. Cliff, 
M. Cobu~, J . Colvin, S . Conlon, 
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of 150 GeV (injection energy) 
around the superconducting 

Consider that there will be 1400 
superconducting elements, 24 satellite 
refrigerators, and a vastly increased 
load on the Central Helium Refrigera
tor, consider a new and sophisticated 

controls system, consider the need to 
explore the useful aperture around the 
6.3-km circuit and consider that we 
must learn the acceleration, storage, 
and extraction techniques. It is not 
overly conservative to project the 
onset of REP for October, 1983. Very 
little overconfidence here. 

Tec hnici ans (Cont . ) : 

D. ConnoZZ~, H. CPanop, C. Cpo se, T. Cposs, M. Koenig, H. Lande ps, 
W. Cposs, R. Cpouch, T. Lapson, T. Lassi t ep, A. Lathpop, 

J . DeLao, S. DeMapco, R. Dice, C. Dickey, G. L(1L) pence, J . Lazzaro, H. Le, R. LeBeau, 
R. DiehZ , E. Dijak, G. Di sandPO, S . Dochwut, N. Leja, F. Linton, K. Lockhapt , 

D. DougZas, K. DPagstpem, D. DuPui s, M. Long, ,T . Loskot, E. Mabe us, R. MahZe p, 
D. Du pham, J . F.Z seth, K. EPn sting, C. Maie p, R. Ma pqua pdt , W. Ma ptin, 

E. Faught, P. Feye peisen, D. McCo pmick, J . McDoweZZ , 
J . FZo pe s, R. FZopian, A. FOPni, W. FpankZin, C. Meade , R. Meadowc pof t , F. Mehpi ng, 

D. Fpeeman, W. Gangep, ~ . GendviZas, J . Mei snep, K. MeZ Zott, G. Meye p, 
J . GepaZd~ H. Ge pzevske, L. MiddZeb pooks, M. MiZZ s, 

P. Gibbs, T. Gie phapt, G. Giese, R. GZavin, H. Mong- Phung, R. Mo ppi son, T. Mop pi son, 
J . GomiZap, C. GonzaZez, R. GonzaZez, R. Mpaz, D. MU sse p, R. MUth , W. Noe , 

M. Go pdon, T. Gopdon, M. Gopecki, R. No pton, M. Nupczyk, B. Oge pt , W. OZach, 
R. GouZd, R. Gutie ppez, D. Hanabapge p, K. OZesen, G. Oppe pman, 

E. Hanson, ,T . Ha pde p, C. Ha pdpick, M. Ha ptman, D. Ost powski, R. PadiUa, IV . Pasto pe, 
F.: . Haun, S . Hay s, D. HeUbepg, P. PauZ , 11. Petkus, 8 . Pientak, 

T. Hendpicks, M. Hentge s, M. Hentge s, E. Pod schweit, M. Popp, D. Quinte po, A. Radep, 
R. HiveZy, G. Hodge, J . Hoove p, D. Rame, F.. Ramipez, J . Ranson, 

D. Howupd, R. Hpen, D. Huffman, ,T . I pvin, M. RaphaeZ, L. Ra~, 
L. Jack son, R. Jane s, D. Rice, T. Riche p, L. RoZih , J . Ruffin, 

E. Joe pg, S . Johnson, A. Jones, K. Jo pdan, A. Runde, J . Sabo, G. Sae!Jerl, 
F. Jupavic, E. Ke ssZe p, D. KindeZbe pgep, H. Satte p, J. Savignano , R. ScaZa, 

R. KZecka, L. KZein, B. KZing, F. Schneidep, K. Schuh, L. Sendep s, 
J . Sepaphin, J . SheZey, 

L . Shepapd, R. Sho pes, K. Sieve pt , D. SZimmep, 
J . Smith, T. Smith, J . SmoZucha, 

G. So penson, W. South , J . Spende p, 1i: . St itt s, 
J . Stock t on, T. Svejda, A. Tannep, 

K. TayZo p, R. Thomas, T. Thomas, J . Thomp son, 
J. Ticku, D. Tin sZey, D. TinsZey, M. Upso, 

M. VanDen sen, P. Vie pig, D. Vi ZZa ppeaZ , 
C. Voit, B. VoUmep, D. Vo y, 

L. WahZ , W. Wai t ko ss, D. y,aU ace, F. waZteps, 
D. WaPnep, J . Wendt, S . Wh eZcheZ, 

C. Wh i te, J . WiZdenPadt, 
M. WiZk s, R. WiUiams, D. WiZseZf , 

G. WiZ seZf, D. YapdZey, J . ZeiZinga, R. Zifko , 
M. Ziomek, J . Zuk 
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The Fer>milab Main Contr>ol Room duPing the A-sector> test (Zeft to PightJ Rich 
Andr>ews, Mike Hentges, Phil Mar>tin, Dan Wolff, and Ger>ry Tool. 
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The Construction Projects: Tevatron I 

DEBUNCHER 

P INJECTION 

P EXTRACTION 

P PRODUCTION 
TARGET 

Tevatron I is the antiproton
proton collider option. You remember 
that it involves an intricate ballet of 
rings and particles: the Main Ring 
receives one bunch from the Booster, 
compresses this in time and accelerates 
to 120 GeV where it is extracted onto a 
target. Antiprotons are collected and 
transported to a Debuncher ring (that's 
3) where they are cooled and decompres
sed in order to transf er to an Accumu
lator ring. Four hours should be 
enough to cook the batch (uncook, 
really) and ship them back to the Main 
Ring for acceleration to 150 GeV and 

MAIN RING AND TEVATRON 

The Debuncher' and Accumulator' 
Rings for' antipr'oton pr'oduction and 
accumulation . They a r'e to be located 
south of the Booster'. 

insertion in the Superconducting r i ng. 
It is a choreograph of five rings. The 
proj ect also i ncludes the responsibil
ity for the construction of the inter
action regions--a large one at EO and a 
somewhat more modest one at DO. 

Whereas 1981 was a year of 
decision to go for maximum luminosity, 
the past year has developed the de
tailed designs of Debuncher and Accu
mulator. These are Booster-sized stor
age rings with a variety of magnets and 
acceleration systems plus advanced sys
tems for stochast i c cooling. The TeV I 
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group is deeply engaged in building 
models and prototypes and has been 
aided by our collaboration wi th Argonne 
National Laboratory, University of 
Wisconsin, Lawrence Berkeley Labora
tory, and the Institute of Nuclear 
Physics at Novosibirsk. More informal
ly, we have been in close communication 
with the CERN group whose own pp col
lider proj ect is well into their phys
ics program. 

Part of our work has been to 
develop cost estimates for our new 
design. A momentous time was reached 
in May when it was agreed by all con
cerned that the design and cost esti
mates had become firm enough that we 
should start the construction of the 
building for the Collider Detector at 
BO. That construction began in June by 
digging the deepest hole ever at Fermi
lab and breaking open the Main Ring 
tunnel at BO. By the end of the year, 
the hole had been filled with concrete. 
Vehicle bypass and transition sectors 
were turned over by the contractor to 
Fermilab in December, thereby allowing 
the completion of the Energy Saver to 
proceed. The Collision Hall roof has 
been completed, thereby enclosing the 
space. It is expected that by the time 
this is read, all of the Collision Hall 
shielding will be in place, thereby 
allowing accelerator operations to 
resume in the Main-Ring tunnel. 

The production of antiprotons for -pp collisions will require manipulation 
of the beam in the Main Ring before 
targe'ting in order to produce tightly 
bunched antiprotons. Regrouping into a 
smaller number of bunches is also 
needed at a later stage. Just before 
the long shutdown began in June, a 
series of important accelerator exper
iments was carried out to show the 
feasibility of this rebunching. We can 
now confidently plan on these exotic 
manipulations of beam to carry out our 
antiproton accumulation. 

The schedule for 
somewhat discouraging. 

-pp physics is 
As we read the 

jJr.V 

Rotation of a misnu.tched 1"f bunch fol 
lowing sudden inc 1"ease in 1"f vo l tage to 
1 MV . Time p1"og1"esses downwa1"d and 
traces a 1"e s eparated by about 100 msec . 
The di s placed top trace is a mist1"ig
ge1". 

Wer>ne1" Sax at w01"k on the P1"ototype 
lithium lens . 
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exciting results coming out of CERN's 
540-GeV pp research, we must look to 
1986 before we will be able to examine 
our 2000-GeV collisions. Of course it 
is worth waiting for--with all the 

benefits of CERN's detector experience, 
with a design that will yield higher 
luminosity at much high energy, the 
physics potential is enormous. 

Tevat r>on I Staff 

Administr>ative Suppor>t: 

H. Ca sebolt, R. Cr>aven, G. Dean, 
D. DeLeon, P . Dr>eher>, T. Mar>tin , 

A. Riddifor>d, R. wendt 

Physicists: 

A. Ando,* F. Cole , T. Collins,** G. Dugan, 
J . Gr>iffin, D. Ha r>ding, C. Hojvat , 

D. Johnson, w. Kells, 
M. Kuchni r>, A. Lennox, J . MacLachlan, 

g . Malamud, J . Mar>r>iner>, F. Mills, 
S . Mtingwa, S . Ohnuma,** L. Oleksiuk, 

J . Peoples, R. Peter>s, 
A. Ruggie r>o, R. Shafe r>, J . Simpson,* 

K. Takayama,* D. Young, Q. Zubao 

Engineer>s: 

L . Ba r>tozsek, F. Cilyo, R. Hanson, 
B. Hyslop, F. Lange, 

J . McCar>thy, A. Mo r>etti, R. Pasquinelli , 
J . Petter>, W. Sax 

Technicians: 

R. Bar>ner>, M. Kucer>a, L. McMath, 
R. Ifeeks, W. Muelle r>, D. Paddock, D. Poll , 

T. Rathbun, M. Rubuehr>, P. Sei fr>id, 
R. Var>go 

Dr>after>s/Designer>s: 

C. Co stanzo, P. De r>mott, R. Fir>chau, 
S . Me r>edith,** C. Nila, L. Sobocki 

Enginee r>ing Physicists: 
T. Elli son, J . Fitch 

gxpe r>imental .4r>ea 
Floor> Manage r>: 

J . Klen 

Oper>ations Specialist : 
R. Ober>ho Hz er> 

* denotes Visiting Scientist status 
** denotes On Loan fr>om another> division at 

the Labomtor>y 
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The Construction Projects: Collider Detector at Fermilab 

Two major happenings in 1982 domi
nated the mood of the CDF group. The 
first was the onset of civil construc
tion of the collision hall and CDF 
assembly area at BO. The second was 
the report of a very successful run of 
our CERN colleagues where 270 GeV pro
tons and antiprotons began colliding 
for the first significant phyics run in 
September. Preliminary results of the 
CERN pp collider had already been pre
sented at the biannual assembly of 
particle physicists in July in Paris 
(sigh!). The clear observation of 
"needle-like" jets emerging from these 
collisions is a virtual demonstration 
of the reality of quarks as the primary 
objects in the scattering. The new run 
established new records of luminosity 
and the first rumors of W-like 
events. It was enough to stir the 
blood and quicken the pulse. 

One member of the group was 
assigned to spend four months with one 
of the CERN experiments. The rest 
buckled down to work. 

CDF reorganized a bit and passed a 
combined internal-DOE review with good 
marks. Much work was done in the test 
beam wi th prototypes of the calorime
ters. Production lines have been set 
up for cutting and shaping scintillator 
and waveshifter pieces and a very im- · 
pressive (~30 ft high) arch consisting 
of twelve central calorimeter wedges 
was assembled. 

The mammoth superconducting sole
noid (3 meter diameter, 5 meter long) 
made progress and much effort went into 
the front-end electronics. All in all, 
progress was made on all fronts. 

The DOE review, the CERN detector 
experiences, and periodic internal 
examinations, these all lead us to the 
conclusion that we are building a 
powerful and well-designed detector for 
2000-GeV pp collisions. It is a very 
complex array of large systems and it 
will be far from trivial to get physics 
out of this at the earliest date. 

CoZZide p Detectop Gpoup 

Administputive Suppopt : 

D. CapZson, B. Pe pington, C. PiccioZo, J . Robb 

Physicists: 

M. Atac, T. CoZZins, J . EZias, J . Fpeeman, 
I . Gaines, H. Jen sen, R. KadeZ , 

R. Kephapt, S. Mikamo, 
M. Mishina, H. Miyata, A. Mupakami, M. Ono, 

J . Patpick, D. Quappie, Fi . Schwitteps, 
Y. Takaiwa, D. The piot, A. ToZZest pup, 

R. Yamada, K. Yasuoka , ,' . Yoh 

Enginepi ng Physicist: 
D. Han ssen 

Engineeps: 

J . Gpimson, H. Kautzky, M. Leiningep, Y. Ofek, 
J . O'Meapu, C. Swoboda 

Technicians : 

W. Co Zeman, M. Hpycyk, M. Knapp, 
R. KpuH , R. Mandepnack, G. Moo pe, J . Upish, 

B. Wickenbepg 

Dmftep: 
J . CataZaneZZo 
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The centnal caloPimetep of the Collidep Detectop. 
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A model of the calor'imeter>. 
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The Construction Projects: Tevatron II 

••••••• , EXTRACTION 
---, SWITCHYARD 
r..-_....... EXP. AREA UPGRADES 

""""'" NEW BEAMS 
CIVIL CONSTRUCTION 

Tevatron II converts the fixed
target experimental areas to 1000-GeV 
capability. It adds new beam lines to 
replace old beam lines. Many bends are 
replaced by superconducting magnets. 
The upgrades are scheduled to fit into 
the planned running program and will 
not be complete until late in calendar 
1985. The long 1982 shutdown provided 
the first sustained TeV II construction 
activity. The project head writes: 

"The intensive planning and 
preliminary design activities 
of prior years began to be ac
companied by the clanking of 
bulldozers, the bashing of 
punch presses, and the hissing 
of arc welders. Sketches and 
rough estimates were sup
planted by sets of blueprints 
and detailed computer out
put. The upgrade was under
way!" 

Yes, well ••• 

In functional terms, the TeV II 
upgrade has been structured in three 
successive one-year phases, roughly 
corresponding to the three and one-half 
calendar-year span of the project. The 
first phase consisted of fabricating 
and installing the extraction system 
for bringing slow-spill proton beam out 
of the Saver ring and transporting it 
through a rebuilt and upgraded beam 
switchyard to primary beam targets in 
the Meson, Neutrino, and Proton experi
mental areas. This phase also involves 
a significant amount of civil construc
tion in the primary beam areas to 
accommodate new beam transport elements 
and to establish proton beam lines in 
each of the three experimental areas. 
These lines will serve new secondary 
beams to be developed in phase three of 
the proj ect. 
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The second phase, into which . the 
project will move this spring, involves 
the construction of a new experimental 
hall at the end of each of the four new 
secondary beam lines included in the 1-
TeV upgrade. The third and final pro
ject phase consists of building appro
priate civil structures, vacuum beam 
pipes, earth shielding, and utilities 
to complete the new secondary beam 
lines. This work will take place in 
late 1984 and 1985. 

tricky devices designed to withstand 
high voltages and high radiation 
levels. Another highlight of 1982 is 
the improved design of the flux 
collection stage of the new muon beam, 
which saved more than half a million 
dollars and performed better. The 
project head writes more: 

and we 
1983 with a 
trimmed ship 

look forward to 
reasonably weIl

and a steady 
breeze astern." 

Some proj ect highlights include a 
new and completely revised Meson Labor
atory with three separate targets sup
plying their own secondary beam lines 
(the old Meson Lab had one target and 
six beam lines). A dramatic improve
ment has been made in the fabrication 
of electrostatic wire septa which are 
used for nudging proton beams into new 
orbits suitable for extraction and to 
split proton beams. These are very 

Obviously he trained under an ONR 
contract. 

The immediate goal of TeV II is to 
be ready for the experimental program 
by October 1. Limitations in manpower 
and cash f low and the sheer number of 
things to do make this a tight sche
dule. 

Tevatpon II Staff 

Tom Ki.,.k, Roge.,. Di :xon 

Depaptment Office: 

E. Bpown, E. Duty, B. Edmonson, 
B. Fo pe ste p, C. Fostep, 

P. Ma scione, N. MCDonough, K. StanfieZd 

Safety GPOUp : 

S . Benesch, S . ButaZa, D. Co ssaipt , 
A. CoveZe ski , M. Ge papdi , K. MCDonough, 

J . Richapdson, T. SapZina 

Liaison Phy sici sts: 

w. Bakep, C. Bpown, J . ButZep, R. CoZeman, 
D. Gpeen, H. Haggepty, J . Hawkin s, 

J . Lach, J . Mo pfin, 
M. Mugge, S. Po pde 8, L. Read, 

W. Sma pt , K. StanfieZd, L. Stutte, R. Toka pek 

Expe piment aZ Apeas Suppo pt : 

M. A ZUng, D. Byro, R. DoyZe, J . Feathe pston, 
A. Guthke, A. ,Tonckhee pe, C. Kendz io pa, 

M. Ma scione, D. MiZZe p, E. Motty s, 
T. Pposapio, D. Rieth, 

F. RittgaPn, C. Rogep~ P. Simon, G. Smith , 
W. Stitts, L. To ppe s, D. Wo pZand 



-22-

Tevat~on II Staff (Cont . ): 

Facilities Suppopt: 

R. Cantal, R. Fenke~, v. F~ohne, 
D. G~een, G. Gillespie, J. Gue~ro, R. Ragge~ty, 

S. Hansen, G. Koizumi, C. Mangene, 
C. Needles, S. Po~de~ H. Schrom, J. Spaulding, 

L. Stutte, H. White 

Mechanical Suppo~t: 

N. Bosek, D. B~inega~, D. Ca~ente~, 
R. Cu~~ie~, R. Davi~ D. Ea~tly, J. G~an, 

D. Hoffman, L. Indykiewicz, 
V. Jacobsen, E. LaVallie, J. Lindbe~g, 

J . Mo~is, D. Nelson, W. Noe, J~., 

T. Ol szanowski, M. O'Malley, 
R. Qudt, A. Passi, R. Roth, B. Smith, G. Smith, 

S.· Sobczynski, M. Solis, H. St~edde, 
W. St~ickZand, W. Thomas, 

E. Villegas, T. Waldroop, M. Walega, 
R. Williams, T. Zolli 

Operotions: 

G. Rock, M. Bodnaroczuk, D. Caroey, 
R. Coleman, H. Fenkero, T. Fink, R. Flood, 

J . Hawkin~ S . Heyden, 
w. Higgins, D. Johnson, G. Koizumi, J . Lentz, 
A. Malensek, C. AfcGuiroe, D. MUlero, M. Mugge, 

If . SchaUey, R. Sood, L. Soiroes, 
G. Tassotto , R. Tokaroek, R. Zimmeromann 

Constrouction Planning and Coo~dination: 

w. Bake~, C. B ~own, F. Broowning, 
J . BuHe~, R. Coleman, D. Ea~Hy, H. Feroguson, 

V. F~ohne, P. Garobincius, A. Glowacki, 
D. G~een, H. Haggeroty , 

,1. Hawkins, D. Johnson, L . Kula, ,1. Lach, 

J. Morofin, M. Mugge, S. O~~, S. Porodes, 
R. Shovan, A. Skroboly, K. Stanfield, 

R. Stefanski, L. Stutte, J . Wal~ero 

C~yogenics: 

E. Beck, F. Bellingero, D. Buroke, J. Bywate~, 
J. Caffey, H. Ca~tero, J . Cla~k, 

R. Coots, w. Cyko, 
E. Desavou~et, K. Dixon, J . Elleromeiero, 

J . Foglesong, P. Garobincius, M. Gonzalez, 
K. Groham, C. Groys9n, p. Healey, 

E. Justice, o. Keefero, J. Kilme~, H. Koeche~, 
T. Kovaroik, K. K~empetz 

B. Lambin, D. Lipke, D. Marokley, 
P. Mazuro, C. McNeal, J . Mo~rois, T. Neustadt, 

J . No~rois, T. O'Broien, R. Pighetti, 
J. Proobst, R. Pucci, J. Sasek, 

A. Schoeberolein, G. Simon, 
w. Sma rot, R. Stanek, R. Stapay, S. StOl./, 

R. Thompson, P. Tho~kelsen, J. Urobin, 
G. zielbauero 

Elect~ical Suppo~t: 

P. Allcoron, J . Beckero, J. Bell, L. Beveroly, 
J. Burot, J. Butlero, N. Cuny, 

P. Czaroapata, G. Dychakowsky, G. Federowitz, 
R. Gibbons, M. Heroroen, R. Innes, 

D. Jakubek, W. Ja~ierony, S. Johnston, 
A. Legan, P. Liston, C. Lundberog, C. Mangene, 

F. McIntosh, R. Mooroe, C. Needles, 
S . O~ro, M. Oslin, M. Pauley, 

A. Rogeros, G. Ross, 
G. Samojluk, J . Schmidt, D. Schoo, D. So~ensen, 

G. Tassotto, R. T~endlero, K. Tye, 
R. Vidal , A. Vissero, D. Walsh, W. WiUiams, 

C. Woroel, G. Wyatt, D. Zafi~opoulos 
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Research Division 

The Research Division single
mindedly carried on a number of 
different activities during 1982, so 
many that they sometimes were like 
jugglers keeping many objects in the 
air at once. 

The most important effort of the 
first half of the year was the 400-GeV 
run from January to June. From the ex
periments' end of the action, it was a 
solid run with exceptional intensity 
and reliability, even some new features 
like the novel beam operated in the 
Neutrino Area. Only the M6 beam in 
Meson failed to live up to its adver
tising. 

We have had a considerable amount 
of discussion and thinking about the 
organization of the Research Division. 
After the completion of the 400-GeV 
run, the Division was reorganized to 
group the traditional Meson, Neutrino, 
and Proton Areas into a single Experi
mental Areas Department. The cross
fertilization of ideas, skills and 
experience has exceeded our fondest 
hopes. Many problems in each area had 
previously been solved in one of the 
other areas. Knowing about these 
solutions has saved money and enabled 
us to do a better job. 

The Research Division's primary 
mission after the 400-GeV run was to 
provide a home and resource base for 
TeV II and for CDF, both of which have 
been described above. 

The other parts of the 
Division have been actively 
these and other Laboratory 
Research Services is building 
conducting solenoid for the 

Research 
helping 

efforts. 
a super
Collider 

Detector with our collaborators from 
Japan. In addition, they are building 
all the front-end electronics and the 
FASTBUS system for the Collider Detec
tor. Another electronics group in 
Research Services has helped the Energy 
Saver, building correction magnets, 
spool pieces, correction-magnet power 
supplies, and beam-position proces
sors. Research Services is building 
the beam-dump magnets for the prompt
neutrino beam and many other systems 
for Tevatron II. 

In the Computer Department, main
tenance of all the on-bus computers of 
the Laboratory has been taken over and 
made successful. PREP (Physics 
Research Equipment Pool) is working on 
large electronic systems for Tevatron 
II. The central computing facilities 
have brought a remote-control automatic 
tape library into operation this year. 
Our central computing facilities are so 
popular that they are used to satur
ation and we have begun to plan for a 
much-needed improvement of the system 
in the future. 

Here is where the Director feels 
maximum insecurity. It seems intui
tively clear that the key to getting 
physics out of TeV I and II will be 
access to powerful computing capabil
ity. Our resources are up to doubling 
or trebling the capability of the cen
tral computer. We feel that by 1985 we 
may wish we had ten times this. What 
to do? A small start was made by form
ing a group to look at hardware proces
sing of that ubiquitous task: track 
reconstruction. Beyond that, we could 
think of nothing more than forming a 
committee. Tune in next year. 
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Short Range Planning: The Tevatron Program 

At the end of this year, this in
stitution, and its people look to the 
program of science set out for us by 
our selection committees. We are awed 
by the potential of the machines we are 
making and weighed by an overwhelming 
sense of responsibility: to the physi
cists in their university labs, invest
ing significant fractions of their 
scientific life in preparing to do 
their science here and to the heritage 
of legions of investigators who have 
brought both the science and the tech
nology to the point where we can 
manipulate the one in order to advance 
the other. Our forthcoming schedule 
calls for supplying beams of near 1000 
GeV protons to the experiments listed 
in Table III. Each experiment repre
sents many institutions, an average of 

29.4 scientists (ugh!) and the labor 
and investment of many times that num
ber. The science can only be suggested 
by the experiment titles. Suffice it 
to say, the major thrust is program
matic--to sharpen the observation of 
the substructure of particles, to study 
the details of the strong and electro
weak interactions in a new domain of 
parameters, to confront the standard 
model in a variety of ways in order to 
find clues, however subtle, to what 
lies beyond. 

This is the major U.S. program, 
occupying almost half of the experi
mental high-energy physicists in this 
country supplemented by about 15% of 
our foreign colleagues. It must work 
well. 

Table III. Tevatron Experimental Program 

Beam Lines 

M-East (p,1!) E-605 

M-Polarized (p) E-704 

E-617 

R-West (p, 1!) E-557 

£-609 

E-672 

E-706 

N-O (\I) E-632 

E-649 

E-652 

Prompt Neutrino E-636 

E-646 

Muon £-640 

£-665 

N-3 (p) £-653 

E-690 

£-621 

£-715 

(Brown) 

(Yokosawa) 

(Winstein) 

(Zieminsky) 

(Selove) 

(Dzierba) 

(Slattery) 

(Morrison) 

(Taylor) 

(Sciulli ) 

(Pless) 

(Baltay) 

(Loken) 

(Kirk) 

(Reay) 

(Knapp) 

(ThollBon) 

(Cooper) 

Approved Experiments 

Leptons and Hadrons near Kinematic Limits 

Polarized Beam Experiments 

Precision Measurement of I n /~ I 
00 ~ 

Hadron Jets with the Multiparticle 
Spectrometer 

High I'T Hadronic Jets 

High I'T Jets and High Mass DilllUons 

Direct Photons 

Neutrino Experiment in the 15-ft bubble 
chamber 91th Ne/H2 Fill 

Neutrino Experiment with Lab C Detector 

Neutrino Experiment with Lab E Detector 

Beam Dump Experiment with 32-in. holographic 
bubble chamber 

Bea. Dump Experiment with 15-ft bubble chamber 

Muon Scattering with Berkeley/Princeton 
Multi.uon Spectrometer 

Open Geometry Muon Scattering Experiment 

Hadronic Production of Charm and Beauty in 
Hybrid E.ulsion Spectrometer 

Hadronic Production of Charm and Beauty 

Measurement of '4- 0 

t &-decay 
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One of my favorites, Joseph 
Bronowski, wrote in his Ascent of Man: 

••• And we are really here on 
a wonderful threshold of 
knowledge. The ascent of man 
is always teetering in the 
balance. There is always a 
sense of uncertainty ••• And 
what is ahead for us? •• we 
are all afraid--for our con
fidence, for the future, for 
the world. 

To which we add: "Yes, that too." 

Looking even further ahead we see 
the collisions of proton and antipro-

tons. We have described CDF at BO. In 
1983, we will select another experiment 
in DO. As we anticipate the imminent 
discovery of the W-boson we note with 
satisfaction that our program is aimed 
at the domain "beyond the W" where 
theoretical prediction is far less in
cisive and where opportunity for really 
profound discovery abounds. 

Our higher energy will clearly be 
important. Here again the investment 
is tremendous and this Laboratory must 
apply all of the resources required to 
see this through and with as abbrevi
ated a schedule as we can possibly 
manage. 

Long Range Planning and the Future of REP 

It is clear to all observers and 
especially to the Fermilab management 
that our sacred obligation is to ex
ploit the physics opportunities provi
ded by the vast construction activities 
described above. This is by no means 
simply a matter of getting all the 
machinery working and leaving it to the 
operators, skillful though they are. 
There is here a new level of complexity 
matched to a new level of technological 
sophistication made available by the 
continuing solid-state revolution. 
This machine will require a great deal 
of attention before we can achieve 
confident operation near 1000 GeV and 
with enough protons to satisfy the 
fixed-target program . (now estimated to 
be in excess of 4x 1013 ppp) • The 
antiproton source again will require 
continuous attention in order to 
fulfill its design luminosity goal of 
greater than 1030 cm -2 sec -1 • These 

requirements will occupy the best and 
the brightest in the laboratory until 
at least 1985. So what is the purpose 
of long range planning? The answer is 
well known to the professionals--lead 
time to the accomplishment of any major 
project is measured in years or de
cades. There is a clear perception 
that the theoretical state of our sci
ence will in fact require substantially 
higher energy than is now available. 
By the end of the decade, the maj or 
scientific results of the Tevatron pro
gram will probably be known; neither 
the Laboratory nor the science can tol
erate a lapse of five years for new 
construction. 

At this writing (January 1, 1983) 
we can only contemplate wi th awe and 
envy the program of our European col
leagues. The LEP program is a very 
bold initiative to provide more than 
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100 GeV e+e- collider physics. The 
program will be heavily instrumented 
with four groups of at least 200 
physicists in each group, building 
detectors in the CDF or bigger 
category. To sustain the waiting 
period, there is superposed on a well-

-instrumented SPS program, the pp 
collider, now digesting their first 
serious run but already designing an 
improved luminosity p source which may 
well be ready by 1986. LEAR is an 
interesting new facility which studies 
low-energy pp interactions with novel 
intensities. PETRA, at DESY, is close 
to a new energy range--one which may 
uncover the top quark and open a new 
domain of quark atom spectroscopy while 
DORIS has completed an upgrade in order 
to compete more effectively with Cer
nell's CESR. There seems to be in
creasing confidence that HERA, the DESY 

plan for e-p collisions will be author
ized soon. This overall program sets a 
new scale by which the pace for U.S. 
physics may be judged. 

What can we at Fermilab do? We 
are working on higher-field super con
ducting magnets--indeed, we have a 
program in collaboration with the 
Japanese laboratory KEK, to develop 
magnets near lOT • Equivalent quadru
poles would have immediate applications 
to our pp collider and provide" a short
range focus to this work. A new crowd: 
the Group for Long Range Planning 
(GLRP!) has been examining options for 
the '90's. It is a low-priority 
operation but, after a wide ranging 
consideration of options, this group 
has narrowed the issues to two 
approaches: 

1. The Dedicated Collider Option 

o 

We are involved in a transient 
dream about building a dedicated colli
der--it is an evolution and modifi
cation of the old Fermilab idea of a 
site filler which has heretofore 
appeared in all our projections. The 

dedicated collider would use Saver mag
nets with improved superconducting wire 
to reach ST. We could then comfortably 
site a 2-TeV ring to be fed by the 
Energy Saver with protons and anti
protons to create a 4-TeV pp facility. 
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With freedom from the constraints of 
the old tunnel, a special lattice can 
be designed to hold about 40 bunches of 
pI s (instead of 3) and to store for a 
long time. This frees the fixed-target 
(TeV II) program from the burden of 
sharing time with the collider option 
and provides about 50 times the inte
grated luminosity in the collider 
physics: four interaction regions 

become possible instead of two; we run 
all year and we may get 10 times the 
luminosity of TeV 1. There is more. 
The dedicated collider could take an 
electron ring for ep physics (we talk 
about 10-20 GeV against 2000 GeV). Our 
Physics Advisory Committee just loved 
this plan and has encouraged us to 

"lbmit this to the DOE. We are at this 
writing studying costs, schedules, etc. 

2. The "Desertron" Option 

Assessing the state of the 
science, and the pace of European 
activity, we are lead to consider the 
next -higher energy regime. Many 
workshops have considered the 10 TeV x 

10 TeV collider (or 20 TeV x 20 TeV). 
The standard price is $3B and this was 
the rationale for ICFA--the Inter
national Committee on Future Accel
erators--charged with the task of 
studying a world laboratory solution to 
the cost problem. A Division of Part
icles and Fields workshop took place 
in Snowmass , Colorado in the summer of 
1982. The 20 TeV accelerator was much 

discussed. More recently a subset of 
GLRP has been looking at the 
possibility that one can reduce the 
cost of a 10 x 10 accelerator to under 
$lB, including injector, site estab
ishment, etc. This is clearly a very 
challenging field and we are irresis
tibly tempted to pursue these ideas 
until they are proven wrong. This must 
be done in collaboration with experts 
wherever they may be found. It may be 
that the results of such a study will 
have a profound influence on the future 
of this Laboratory. 
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Acknow ledgmen t 

We have, in this Annual Report, 
decided to restrict the subjects 
discussed. Perhaps next year we will 
pay more attention to the many crucial 
elements in this Laboratory, e.g., the 
shops and the services, from business 
to personnel, to the people who keep us 
safe and out of trouble. We should 
devote some time to those individuals 
in the DOE and the Scientific Estab
lishment in "This Town" who make our 
lives tolerable and our activities 
possible, and to the people who 
maintain and enhance the esthetic 
quality of our work space. Perhaps 
next year ••• 
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II. Fabricating Energy Saver Superconducting Magnets 

The fabrication of a superconducting magnet starts with winding the coils. The 
superconducting cable is unwound from the reel on which it is sent by the 
manufacturer and precisely tapped into place in the coil form by Pamela 
Greenwood. In the background, Darlene Mindar guides the motion of the cable reel 
and the unwinding of the cable. The inner coil shown here is wound flat then 
pressed around a cylinder. The outer coil is then wound on the inner coil. 
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The superconducting coils are held in place by laminated stainless-steel 
collars. Here a pack of laminations is preassembled. 

/ 
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The stampings from which lamination packs are made. 
fit snugly into the grooves inside the laminations. 

The inner and outer coils 
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Using shims to keep the dimensions precise, the lamination packs are 
assembled over the coils by (left) Emery Konop and Tom Fritz. 
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The coils and collared coils are pressed into shape and assembled in large 
presses. 
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The coils will be mounted in a cryostat where they are kept cold. Here a welder 
is working on the mounting holes for anctur supports. These anchor supports hold 
the coil suspended inside the cryostat. 
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Final tests on the cryostats prior to "pushing" the collared coils inside them. 
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Partly completed cryostat end with some of the tubing in place. 
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Final assembly of the end of a cryostat. The liquid nitrogen and two-phase 
helium tubes are just above Jerry Kucera's hands. The coil end can be seen 
inside the collared coil while the coil lead goes out over Jerry's shoulder. 
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Final assembly takes place inside Industrial Building 1. At the right, cryostats 
are being vacuum checked. At the left are completed magnets awaiting magnetic 
measurements. 

Inside Industrial Building 1. In right foreground is the quadrupole assembly 
line. In the background is the assembly area where magnet yokes are fitted onto 
the completed cryostats and coils. To the left is the Magnet Test Facility. 
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A quadrupole magnet on test stand 3. The refrigerator is in the background and 
the helium and nitrogen distribution system is at the right. Note the frost that 
builds up on any exposed line. Each magnet spends at least a day being given 
numerous magnetic tests. 
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Completed, accepted Energy Saver magnets in Industrial Building 4 awaiting tunnel 
installation. 



-41-





-43-

III. The State of the Science 

What is the current state of our 
subject, and what are our dreams and 
aspirations for its further evolution? 
In this section, we essay a brief des
cription of where we are in our study 
of the fundamental constituents of mat
ter and the interactions among them. 
We shall evoke some of the decisive e x
perimental observations and influential 
theoretical ideas which have brought us 
to our present unders tanding, but the 
principal interest of this article is 
with the future. What developments may 

, we anticipate? What are the great is
sues before us? What are the new pro
g rams and new instruments that our cur
iosity requires? What new technologies 
must we therefore invent or master? 

High-energy physics continues in a 
period of remarkable e xcitement, pro
gress, and promise. Over the past fif
teen years, our wor Id -view has changed 
in several dramatic and important ways. 
As a result, we have come to an under
standing of the microworld that is both 
more orderly and more fundamental than 
the picture it replaces. Scientific 
explanation is always tentative, in the 
sense that it may be overturned by an 
unexpected discovery, or may be simpli
fied and extended by a new insight. A 
great strength of our current theoreti
cal framework--built as it is on the 
foundation of experimental regulari
ties--is that it suggests lines of 
further thought and experimental re
search, creating new experience to 
support a grander edifice in the fu
ture. 

The idea that matter in its ulti
mate structure is discrete, rather than 
infinitely divisible, has been part of 
scientific thought for 2500 years, but 
is was only at the beginning of the 
last century that a quantitative sci
ence of chemistry made possible an 
experimental verification of the atomic 
hypothesis. The laws of chemical 
combination formulated then are still 
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obeyed by chemicals and learned by 
students today. At the end of the 
nineteenth century <7ame the first hint 
that atoms were themselves composite 
and could be dismantled. In 1897 
J. J. Thomson's discovery of the 
electron--which we still regard today 
as one of the fundamental constituents 
of matter--also posed the question of 
what else lies inside the atom. By 
1931, Ernest Rutherford and his co
workers had provided the answer: an 
atom is composed of electrons and a 
small, dense nucleus. The nucleus is 
itself a composite of more elementary 
protons and neutrons. It then appeared 
that all of matter could be composed of 
three fundamental particles: the elec
tron, proton, and neutron. If the 
interactions of the neutron and proton 
could be understood, the diversity of 
the forms of matter would be explained . 

One way to investigate the nuclear 
force is to try to knock nuclei apart, 
by bombarding them with energeti-e par
ticles such as neutrons or protons or 
electrons. To accelerate these partic
le projectiles to e x tremely _ high ener
gies, larger and larger machines were 
built. These early "atom smashers" 
were the ancestors of Fermilab's five 
accelerators. In the course of these 
studies it was found that nuclear bind
ing could be understood if another ele
mentary particle, called the pion, were 
postulated. Shortly after the Second 
World War, the pion was found, first in 
cosmic-ray interactions and then in 
accelerator studies. The nuclear force 
was essentially understood. 

Over the course of the next twenty 
years, hundreds of other subnuclear 
particles were discovered. All had 
their corresponding antiparticles-
s mall bits of antimatter. It became 
c lear that none of them, including the 
proton and neutron, could be considered 
more fundamental than any other. All 
of them were e x tended objects, had 
internal structure, and could be con
sidered composite. 
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Composites of what? We now 
believe that subnuclear particles are 
made up of basic entities called 
quarks. The first clues to the exist
ence and nature of the quarks came from 
the family relations among the subnu
clear particles. For example, three 
quarks are contained within each proton 
or neutron. Indeed, all the hundreds 
of particles with nuclear interactions 
discovered until 1974 can be understood 
as composites of three distinct kinds 
(or flavors) of quarks, combined ac
cording' to two simple- rules: Particles 
like the proton are composed of three 
quarks, while those like the pion are 
made up of one quark and one antiquark. 
From these simple ideas emerge the rich 
and varied spectroscopy of the subnu
clear particles. 

We have not succeeded in dismant
ling the proton and extracting the 
quarks within. Yet we use the simple 
quark model to derive a multitude of 
physical results. How do we justify 
our bold assertions about what goes on 
in the interior of the proton? By 
experiment. Experiments of a type 
pioneered at the Stanford Linear Accel-

I 

erator Center and extended at Fermilab 
and elsewhere show that the proton 
indeed behaves as a collection of 
structureless constituents that have 
all the properties earlier ascribed to 
quarks. Other experiments carried out 
at Fermilab and at CERN have shown the 
possibility of studying individual 
quark-quark collisions. All of this 
evidence is circumstantial, but it is 
overwhelming. 

Two new quark flavors have been 
discovered in rapid succession: the 
charmed quark found in 1974 at SLAC and 
Brookhaven, and the b (for beauty or 
bottom) quark sighted at Fermilab in 
1977. Like the older quark flavors, 
these have not been seen in isolation, 
but are inferred from new forms of 
matter. 

A similar proliferation of flavors 
has occurred for fundamental particles 
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like the electron, which do not experi
ence the strong, or nuclear, inter
action . The electron's neutrino, 
postulated in the 1930 ' s, was observed 
by means of its interactions in the 
early 1950's . A "heavy electron" 
called the muon was observed in the 
1940's . A classic experiment in the 
early 1960 ' s showed that the muon has 
its own 
Meticulous 

distinct neutrino 
detecti ve work in 

partner . 
the mid-

seventies at SLAC uncovered yet another 
kind of heavy electron, named the tau. 
We expect that it too has a neutrino 
partner, and Tevatron experiments are 
planned to complete the demonstration 
that the tau's neutrino exists. 

The acceleration of history 
embodied in the swift development of 
the notion of elementary particles or 
fundamental constituents has been 
matched by t he progress toward an 
understanding of the forces of Nature . 
To the layman, the forces of everyday 
experience are imposing in their diver
sity and numbers . We speak of the 
force of the wind, of friction, tidal 
forces, and many more . To the physi
cist , all t he known in t eractions are 
manifestations of four fundamental 
forces : g r avitation, electromagnetism, 
t he weak in t eraction responsible for 
radioactive decay and starlight, and 
t he s t rong in t erac t ion which binds the 
nucleus toge t her . 

Although gravity is the most 
familiar in everyday life, it was not 
given a precise theoretical foundation 
un t il the work of Newton at the end of 
the seven t eent h century . A deeper 
understanding was provided by Einstein 
in 1915 , bu t there are still puzzles 
associa t ed wi t h the behavior of the 
gravi t ational force at microscopic 
di stances or at extremely high ener
gies . 

In common experience, electricity 
and magnetism seem as disparate as a 
bolt of lightning and the gentle swing 
of a compass needle . A series of bril 
liant nineteenth centur y experiments 
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set the stage for Maxwell's unification 
of electromagnetism in a set of four 
equations that embody all the macro
scopic phenomena. 

More recently, we have learned how 
to construct Maxwell's theory of elec
tromagnetism beginning from a symmetry 
principle. This is of special interest 
not only because it provides us with a 
more profound understanding of electro
magnetic phenomena, but also because it 
serves as a model for the creation of 
new theories of the other fundamental 
interactions. The new strategy which 
underlies current theories is called, 
for historical reasons, a gauge prin
ciple. It is rather easy to invent a 
theory. One reason that theoretical 
physics is difficult is that it is so 
easy to invent theories which are 
wrong. We rely on experiment to tell 
us which theories are wrong, and we 
exploit great principles to help us 
guess which theories have a chance of 
being right. In general terms, the 
idea of gauge symmetry is that we 
should take very seriously indeed the 
patterns suggested by experiment such 
as the apparent family relationships 
among the quarks and the leptons . 
Theories that incorporate these pat
terns are rather severely constrained 
and have little room for arbitrary 
ingredients. If the gauge principle is 
correct, and if we are skillful at 
spotting real patterns--as opposed to 
illusory ones--in experimental results, 
we may be able to describe the funda
mental interactions without any impor
tant ambiguity. 

This appealing and ambitious pro
gram of deducing interactions from 
symmetries has been implemented in 
several important cases. We do not 
know yet whether the resulting theories 
are entirely correct. They do, how
ever, seem to incorporate most ele
gantly all the experimental systematics 
built up over many years. What is 
more, they make extremely interesting 
new predictions that may soon be sub
jected to experimental tests. It is 

UNI ficA TI~ OF suc.u APfWm.m:y 

DIVS2S'E rtlf2Ci!S ~.s ~~ 

S'Q!pTtclu... "I sy tfI NIY : 

W. PIM,·: 
It CdH ~ 1 6-oD flATH- pur 

No IMItN SHALL-

II 

1JIE ., . S .Ynt'"E.~ oF FoRCES 

(AI WHtrJI oM; 

11) SDItt t 1Htv 4 
ruE RESULT ttl .. ", n£ R6~q 

.",~ $A*E O8'71J,~ FRQtf /)oIN'1 

-rHINe, 1rJ .5an£1WIN6 EL~e OR 

S;)mE~ El..SE To THE S~M e 
(JI.ING II 

CLEM. ? 

PHENOMENA INTERACTIONS 
Ne wlon·t620 

Astronomy ~' ______ _ ___ __ _ 
Gravi ty t-

Ballistics 

Electricity 

Magnetism 

Nuclear 
Forces 

kQd loac l l ~ 1 1 1 

We lnberg.$olom,GIO$hO ", 198 0 

Nutlear b,nd,I'IQ 

AND All I nleractions are Descri bed 
by Gouge Theor ies 

Qe D 

? 
PrO l on 
( e (o ) 

Many 

t Super ~ 
~ Symmetry ~ 

Truly Unified 
REALLY GRAND 

Ultimate Theory 



-48-

- TIff ENlI.1 c.MVEflIE IS A HI6H 

EtIER.{;'f ~j UNfH II 

7CTlfu.:y tHlCDNSTRAlNffD B.o6ET N 

eJlotrt,Jes /. ~"'M MKS~ ". uIaAt,Fico",," if"da(Jc ~" 
0.- • 9..mtM of ~"or Uol«J. ""~ 

r.",ilcb exp t: ~3) E -70/: )'-O(c ~ ~(d 
~., 4t ~." Nt eat; "'WfA/t! 

~. ~UTs "as dwt.d 0f'I'IICA/w".." mcdJt,,·, 
-.. fJUOItIe- (~..,. u~ - 'BtMtJnt s."J,~ -

roJw If pit..., k -!tens - hl1.;~ G-d. 
J/8I ~ : NONOI'tJfJ~ X t/u'rtJ.s ... . 
J AXlCM.S ; O4It~llCoJ c~ri' ""'9 

fetfH 'J rtM -~/-' ~t 

'I- r..s,~ ,...,Ie J ~ ~ J,OGWTIS .., 
--" c.n, ~ (~tlfYtt!e"J 8; ) 

s: M~ttf E -69tJ C-7i~E~V7..,&...11:~--t-O=:i-l;U~~J 
eIc)ek 

~ FER!YIit.A8 A~Kr 6IIDtP 

COOLER 

..u.t. Rad iation 

.. .. q 
- q 

•• ---Ti me 

HOT 

appropriate that we 
these predictions 
intensive study. 

mention a few of 
which are under 

In quantum field theory, inter
actions are mediated by the exchange of 
"force particles." The best known of 
these is the photon, the quantum or 
particle of light, which carries the 
electromagnetic interaction. The 
exis tence of the photon was sugges ted 
by experiments on the photoelectric 
effect at the beg innirig of this 
century, and was rendered inescapable 
by A. H. Compton's measurements in 1923 
which showed that X rays scattered as 
if they were billiard balls. 

Gauge theories attribute definite 
properties to the mediators of the fun
damental forces. The carrier of the 
weak interactions, the so-called inter
mediate vector boson (denoted W± for 
weak) has been the object of specula
tion for forty years. According to the 
unified theory of weak and electromag
netic interactions, the W-boson should 
weigh about 85 times as much as the 
proton. We have just received the 
first highly suggestive evidence for 
the e x istence of this particle from 
experiments at the CERN proton
antiproton collider. With luck, con
firmation of this inference as well as 
evidence for the somewhat heavier medi
ator of the neutral current weak inter
actions, the Z 0, will soon be forth
coming. 

A second prediction of our current 
theories is that quarks and the car
riers of the strong interactions, the 
gluons, cannot be isolated but must be 
permanently imprisoned within particles 
like the proton and pion. While this 
theoretical expectation has not quite 
been proved, it seems unavoidable and 
is most important to test and retest 
e xperimentally. We look to the Teva
tron I Collider experiments to batter 
protons and antiprotons more forcefully 
than before, giving the constituents a 
new (but we expect, still vain) oppor
tunity to escape. More generally, the 
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time-honored study of hadron spectros
copy becomes still more interesting as 
we come closer to a predictive theory 
of how quarks combine. In particular, 
the theory of quantum chromodynamics 
(QeD) suggests the existence of quark
less states composed entirely of glue. 
A few provocative sightings have been 
reported, but more--and different-
experimental methods are required. The 
proton-antiproton collider again sug
gests techniques hitherto unavailable. 

With respect to the properties of 
the allowed configurations of quarks 
and antiquarks, we are in the novel 
position of having a plausible theory 
of the strong interactions which we 
have not yet been able to exploit in 
full. Quantum physicists are adept 
with a method known as perturbation 
theory, which provides reliable ap
proximate results in the case of feeble 
interactions. To "solve" the spectrum 
of the strong interactions requires the 
invention of new mathematical tech
niques. One promising approach is the 
method known as lattice gauge theories, 
in which space-time is provisionally 
regarded as a crystalline structure, 
and the consequences of the theory 
emerge statistically from large-scale 
computer simulations of the interac
tion. Thanks to the extensive computer 
resources available at Fermilab, it has 
been possible to begin some work in 
this direction. However, future pro
gress is almost sure to depend on find
ing ways to increase computational 
power, either by incorporating special
purpose processors or by exploiting new 
architecture. This is a field in which 
theorists may have to learn to build 
their own equipment. In any case, it 
seems desirable that Fermilab--with its 
diverse hardware, human resources, and 
keen interest in the physics outcome-
play an increasingly important part in 
the development of this subject. 

Another promising way to invest i
gate the strong interactions is by 
observing the violent collisions among 
quarks and gluons that occur when high-
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in one of the above- mentioned public 
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energy protons and antiprot ons co l
lide . Early work at the CERN co llider 
has shown that these rare but inter
esting events have a chara cteristic 
topology which means they can r eadily 
be selected from more routine o ccur
rences . The Fermilab Collider will 
have much to contribute to the study of 
simple collisions among constituents . 
By virtue of its high ene r gy , the re is 
a great richness of event types to be 
anticipa t ed . 

The proton is among the most 
stable of the observed ~articles, with 
a lifetime many orders of magnitude 
greater than the a ge of the uni verse-
if indeed it decays at all . However 
this great stability is neither 
explained nor required by any of our 
grand principles . Indeed, within the 
framework of unified theories of the 
fundamental interactions, it seems 
likely tha t the proton should be 
mortal . In such theories , the quark 
families and lepton families are mer ged 
into e x tended families that reflect a 
more complete underlying symmetry . 
This is suggested by the pronounced 
similarit i es be t ween quarks and lep 
tons. In gaug e theories there are 
int eractions that can transform any 
member of a multiplet, o r e xtended 
family, into any other. Some of the 
new possibilities that arise whe n 
quarks and leptons are unified induce 
disint egrations of the proton. 

A number of imaginative experi
ment s have been mounted to search for 
proton instability up to lifetimes of 
about 10 32 years . The state of theory 
is such that finding strong evidence 
either for or a gainst proton decay at 
this level would have profound conse
quences. The interaction responsible 
for proton decay is far too feeble to 
have direct implications for accelera
t o r experiments, except insofar as it 
may be responsible (on - the cosmic 
scale) for our ex istence and it is we 
who have built the accelerators . A 
number of the contending theories do, 
however, imply phenomena in the new 
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territory 
Tevatron, 
machines 
speaks to 
Universe. 

opened by the fixed-target 
the Collider, and the 

of our dreams. All this 
the ultimate fate of the 

To dream of new machines before 
our colleagues have completed the 
Tevatron may seem an act of infidelity . 
Not so! It is, in fact, the progress 
in accelerator technology that the 
Tevatron represents that stirs our 
imagination . The state-of-the- art 
techniques embodied in the Tevatron 
magnets, for example, now provide a 
baseline from which new developments 
can be measured. How can we reach 
still higher energies--two or five or 
ten times Tevatron scale- -to probe more 
deeply into the regime where theories 
are more equivocal (and theorists less 
smug)? Surely we must continue the 
domestication of superconductivity by 
striving for magnets of higher per
formance and greater simplicity . Can 
we also exploit innovations in auto
mation by devising robots to build 
magnets or even entire accelerators? 
Research into the mechanics of accel
eration holds clear promise for 
reducing the size and cost of future 
machines . Fundamental investigations 
into beam dynamics may also lead to new 
concepts of practical importance . The 
history of our science has been the 
history of accelerator technology . New 
inventions hold the key to progress in 
the future. 

High- energy physics is not a 
finished subj ect, so it may be appro
priate to close this informal survey 
with some unalloyed speculation . We 
may divide the fundamental particles 

into two broad classes: the constitu
ents and the force particles. The con
stituents are the quarks and leptons, 
which carry spin -1/2 . The force par
ticles include the photon, the gluons, 
and the intermediate bosons, which are 
particles with integer spin . We have 
not yet discerned the origin of the 
observed pattern ' of constituents, but 
the force particles are prescribed by 
gauge symmetry principles. In a sense 
that can be given a precise meaning in 
quantum theory, the constituents are 
solitary, whereas the particles with 
integer spin are gregarious . Would it 
not represent progress to ' relate the 
one class to the other, and thus to 
increase the power of the gauge prin
ciple while reducing the arbitrariness 
of our theories? So it would seem. 
Remarkably, a mathematical formalism 
has been developed which would do pre
cisely that. Supersymmetry, as it is 
called, relates particles of different 
spins and severely constrains the pos
si bilities for model-building. It is 
likely that a realistic unified theory 
will require the inclusion of gravity 
with the three forces: strong, weak, 
and electromagnetic, already joined in 
present-day theories . Theorists seem 
unable to resist the blandishments of 
supersymmetry . It remains to discover 
whether Nature is similarly smitten . 

This is the place to which our 
explorations have brought us . Some new 
landmarks are already in sight . Others 
lie just around the next bend, if our 
charts can be trusted . While seeking 
to answer the questions before us, we 
shall keep our eyes peeled for sur
prises . 
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IV. A Decade of Experimental Physics 

The Fermilab accelerator came into 
operation in 1972. During ten years of 
operation at beam energies between 200 
and 500 GeV, experiments have 
investigated a broad range of pheno
mena. Experiments have been of the 
survey, search, discovery, and measure
ment varieties and have been devoted 
both to traditional concerns and to new 
areas of interest. A few experiments 
change physics with dramatic observa
tions; many others contribute to the 
body of information we seek to under
stand, and enable us to extract sys
tematic patterns. This conspectus is 
intended to indicate the breadth of 
experimental activity at Fermilab and 
to highlight a few notable experiments 

* of each genre. At the end of this 
overview is a section that evaluates 
several of our recent experiments from 
a vantage point of a more current 

perspective. The general remarks are 
organized around particular physics 
topics. If some of these descripti"ons 
appear more technical than is appro
priate for the esteemed lay reader, we 
apologize and plead the necessity of a 
lasting record. A summary of high
lights is given at the end of this 
section. 

1. Hadron Collisions 
at Low Momentum Transfer 

As the first fixed-target accel
erator in a new energy range, Fermilab 
carried out a large number of survey 
experiments and archival measurements. 
Taken together, these constitute a co
herent picture of hadronic interactions 
at high energies. Let us examine some 
representati ve topics, in order of in
creasing complexity. 

* A bnef document must be mOr'e evocative than explicit . FUr'ther' details of the 
exper'imental pr'ogmm rray be tmced using "Publications fr'om Fer'milab Exper'iments, " 
and ''Theses fr'om Fer'milab Expenments," both issued in Apr'iL 1979, by the Pr'ogmm 
Planning Office. The status of cUr'r'ent and futur'e expenments is r'epor'ted 
annually in the "Fer'milab Resear'ch Pr'ogmm WOr'kbook." Ear'ly Meson Ar'ea expen
ments ar'e r'evieUJed in A. L . Read, ''A Sumrrary of Resear'ch Activities in the Meson 
Lab (1972-1977)." Other' r'evieUJs of classes of Fer'milab expenments include 
J. Whitmor'e, Phys . Rep . lOC, 173 (1974); 27C, 186 (1976) [30-in. bubble chamber>1; 
G. Giacomelli, Phys. Rep . 23C, 123 (1976) [elastic and total cr'oss sectionsJ; 
B. C. Bansh, Phys. Rep. 39C, 279 (1978J [neutnno physicsJ; A. C. Melissinos and 
S . L. Olsen, Phys. Rep. l7C, 77 (1975) [gas jet expenmentsJ . 



-54-

84 : Law1"ence Be 1"keLey Laboroto1"Y (LBL) , u. of Michigan; 
E8 : IJ . of Michigan, Rutge1"s U. , 'f . of Wisconsin; E2:>A : u. 
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882 : IJC- San Diego, IJ . of Chicago, Stanfo1"d Linear' .4cceL
erotor' Center' (SLAC) , u. of Wisconsin; Elll : Catifo1"7lia 
Institute of TechnoLogy (Cattech) , LBL ; E425 : UC- San Diego, 
If . of Chicago, LHE- ETH- Hongger'ber'g- ZuY'ich (Swi tz . ) , SLAC, u. 
of Wisconsin; E486: ·IJ . of Chicago, LHE- ETH Hongge1"be1"g
ZuY'iclz (Swi tz . ) , u. of Wisconsin; E585 : UC- Davis, UC- San 
Diego, Ca 1"Leton I} . (Canada) , Michigan State I} . 

E99: A1"gonne Ila tiona L Laboroto1"Y (AIlL) , Fe1"miLab, SLAC, 
Stanf o1"d U. 

E7: AIlL , Fer'miLab, Indiana U., u. of Michigan; E36A : 
Fe1"miLab, .Joint Institute fo1" llucLear' Resea1"ch-Dubna (JIIlR) 
(USSR) , If . of RochEste r', RockefeUe1" U. ; E69A: Fer'miLab, 
RuthEr'for'd High Ene 1"gy Laborotor'Y (G1"eat BY'itain) , YaLe U. ; 
E96: .4IlL , IJ . of BaY'i (ItaLy) , Br'own U., r:ERIl , C01"7leU U., 
Fer'miZab, Massachusetts Institute of TechnoLogy (MIT) , 
1l01"theaste1"7l U. , Stanfor'd U. ; El86: Fe1"miLab, JIIiR- Dubna, 
u. of RochEste1", RockefeUer' U. ; El98A : ImpeY'iaL CoUege
London (G r'eat BY'itain) , u. of RochEste r', Rutger's U. ; E248: 
II . of Michigan . 

A number of e xperiments 
undertaken the measurements of 

~ve , 
± -K , p, p, n, II, and y total cross sec-

tions on a variety of targets including 
hydrogen, deuterium, and complex nu
clei. The results confirm and extend 
the observations of rising total cross 
sections made earlier at Serpukhov for 
K+p and at the CERN ISR for pp. Using 
the data on meson-baryon scattering, 
one could calculate a Pomeranchuk 
singularity contribution with an 
effective Regge intercept above unity. 
This encouraged the development of 
Re ggeon calculus techniques, which in 
turn suggest the onset of new and more 
complicated phenomena at collider ener
gies. The few mb differences between 
71N and KN total cross sections persists 
at high energies. Does this have a 
fundamental explanation? We do not 
know yet. 

Differences of total cross sec
tions permit the isolation of quantum
number-ex change contributions. These 
are found to be Regge-behaved, and in
vite comparison with the meson Re gge 
intercepts found at lower energies. The 
classical Regge-pole reactions 11'-p + 

11'% (p-exchange), 11' p + nan (A - ex
change), K+ n + K 0p, K-P + K On t p, A 
exchange), 11' p + w% (p exchange), anJ 
KLN + KSN (p, w exchange) have also 
been studied in Meson Area experiments. 
The results are beautifully consistent 
with the total cross section data and 
demons trate the utility of the simple 
Regge pole language in this energy 
regime. In later experiments, associ
ated production reactions have also 
bee.n studied. 

Other experiments in the Meson 
Laboratory and the Internal Target Area 
h~ve +made extensive measurements of 
11'-, K-, p, p, n, and II elastic scat
tering on nucleons. The ratio of elas
tic to total cross sections is found to 
be approximately constant at Fermilab 
energies and equal to 1/5 for baryon
baryon and to 1/7 for meson-baryon 
scattering . Early measurements in the 
Meson Lab and later extensive measure-
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ments with the internal gas jet target 
showed that a diffractive minimum in pp 
scatterings develops over the Fermilab 
energy region. Much later, detailed 
experiments, again in 'the Meson Labor
atory beams, showed that a similar dif
fraction minimum occurs in pion proton 
scattering, but at a much higher 
momentum transfer of t = -4.0 (GeV/c)2. 

Still other experiments have meas
ured the rea] parts of the forward 
elastic-scattering amplitude by 
Coulomb-nuclear interference. The 
real-part measurements support the 
behavior of the total cross sections 
through their consistency with forward 
dispersion relations. 

Pion exchange has been investi
gated both in nondiffractive (np charge 
exchange) and diffractive (Deck pro
cess) reactions. In the latter case, 
detailed measurements of the reaction 
np + pp 7[- yielded convincing evidence 
for the presence of both baryon and 
pion exchange in the non-Pomeron leg of 
double-peripheral diagrams. This high
statistics, broad acceptance work moved 
the Deck effect from the realm of 
artistry (an assertion of truth) to 
that of science (a search for truth)! 

High-precision measurements of the 
polarization in pp and 7[+p elastic 
scattering have manifested the behavior 
expected on the basis of Regge-pole 
extrapolations from lower energies, and 
revealed no surprises in spin struc~ 

ture. 

The surveys of multiple production 
carried out using the 30-in. bubble 
chamber played a dominant role in esta
blishing the character of soft inelas
tic reactions (the bulk of the total 
cross section) at energies above 60 
GeV. From these studies we learned 
that multiple production is dominantly 
a short-range (in rapidity) correlation 
phenomenon, in general accord with a 
multiperipheral description, and de
cidedly unlike the isobar model and its 
descendants. Comparison of the inclu-
sive cross sections produced in 

E577: U. of Arizona, UC-San Diego, Comell U., Pe1'1llilab . 
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Michigan State U" U. of Not r'e Dame, Puroue U" u. of 
TO r'onto (Canada ) , TJ . of Wisconsin; K37A: Caltech, UC-Los 
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CERN; 8137: UC- Ber'keley, Fer'milab, LBL; K138 : U. of 
Michigan, U. of Rochester'; 8141A : ANL, Fe1'1llilab, low State 
U" TJ . of Ma..yland, Michigan State U.; 8154: 8 r'0"," U" 
Fer'milab, Illinois Institute of Technology (lIT) , U. of 
Illinois, Indiana U" ,Johns Hopkins U" MIT, Oak Ridge 
National Laboruto..y, Rutger's U" Stevens Institute of Tec h
nology, U. of Tennessee, Yale U.; 8161: U. of Wi sconsin; 
8163A : Duke U" u. of NOr'th Ca r'olina; 8194: Camegie
Mellon U" Fe1'1llilab, U. of Michigan, State U. of New YOr'k-
S tony Br'ook; 8209: Cal tech, low State U" Tufts U., 
vande r'bilt U.; 8218 : UC- Davis, Institute of Nuclear' 
Physics- Crucow (Poland), War'saw U .-INS (Poland), u. of 
Washington; 8228: U. of Michigan, U. of Rochester'; ~34: 
Fe r'milab, Florida State U.; 8252: U. of Michigan, U. of 
Rochester'; 8280: ANL , Canadian I nstitute of Par'ticle 
Physics- l1ontr'ea l (Canada), JINR- Dubna, Moscow U .-Moscow 



-56-

(USSR); E281 : Iowa State U. , u. of Ma1"1fZand, Michigan State 
U., TJ . of Notre Dame; E295 : Centre de Recherches 
Nucleaires- Strasbourg (France) , Fe rmilab, weizmann Institute 
of Science- Rehovot (Israel) ; E299: Br own U., FermiZab, lIT, 
TJ . of Illinois, Indiara. U. , Jo hns Hopkins U., MI T, State u. 
of New York- Albany, Nijmegen U.-Nijmegen (Nethe r Zande) , Oak 
Ridge National Laboratory, Rutgers U., Stevens I nstitute of 
Technology, U. of Tenness ee, Universite de L ' Etat- Mons 
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~p, K±p, pp, and pp collisions reveal
ed that particl e production in the cen
tral region is largely i ndependent of 
the nature of the colliding particles, 
and therefore is characteristic of the 
interaction, as the short-range-corre
lation picture requires. Together with 
experiments at the CERN ISR and at the 
Internal Target Area, the 30-in. 
chamber studies demonstrated the 
existence of high-mass diffraction 
dissociation, and thus influenced the 
development of the two-component 
(short-range-correlation plus diffrac
tion) description of mUltiple pro
duction. The bubble-chamber exper
iments also indicated a striking 
similarity between the diffractive 
excitation of pions and of protons. 
Experiments in the Internal Target 
Area, the Single Arm Spectrometer, and 
elsewhere have focused on the quanti
tative aspects of inclusive diffraction 
scattering as expressed in the language 
of triple-Regge analysis and finite 
missing-mass sum rules. By studying 
the structure of diffractive events 
(labeled by large rapidity gaps), the 
bubble chamber physicists showed that 
Pomeron-proton collisions are, except 
for the absence of a "leading Pomeron" 
effect, profoundly similar to ordinary 
hadron-hadron collisions. High
precision electronic measurements of 
inclusi ve cross sections in the frag
mentation region over a wide range of 
energies have shown the continued 
utility of the Mueller-Regge analy
sis. Simple and elegant studies of 
particle production in nuclear targets 
called attention to the long time 
scales and hence large longitudinal 
distances involved in the particle
production process. The full potential 
of nuclear targets as probes of hadron
ic interactions should be more nearly 
realized at still higher energies. 

2. Properties of Light Hadrons 

Although light-hadron spectroscopy 
is only beginning to be assaulted in 
Fermilab experiments, a number of im
portant measurements of the properties 
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of hadrons that are stable against 
strong decay have been carried out. 
Hadron-electron scattering provides ' 
information on the electric charge 
radius of the hadrons. This process 
has been studied at Fermilab for the 
charged pion and for charged and neu
tral kaons. The charge radii inferred 
from these measurements are in general 
accord with the vector-meson-dominance 
picture and the simple quark model. An 
extended program in the Meson Labora
tory ~yperon Facility has exploited 
newly discovered polarization of the 
produced hyperons to make high-quality 
measurements of the magnetic moments ° - 0 -- + -of A , =. , =. , L , and L. The meas-
ured moments are in general acccord 
with the expectations of the quark 
model, but point to some quantitative 
shortcomings of the model in its sim
plest form. A measurement of the AO-LO 
transition moment and thus of the LO 
lifetime has also been carried out. 
Still at small momentum transfer is a 
study of Coulomb dissociation of n+ and 
K+, which leads to measurements of the 
photonic decay widths of p, K*, and 
other mesons. This information also 
confronts specific predictions of SU(3) 
and the quark model. 

Experiments on the continuum pro
duction of massive dilepton pairs and 
the interpretation of these results in 
terms of the Drell-Yan model provide a 
new means for determining the structure 
functions of hadrons. This technique 
resulted in significantly improved de
terminations of the sea-quark distri
bution of the proton and the first 
measurement of the structure function 
of the pion. 

3. Hard Collisions of Hadrons 

Many Fermilab experiments have 
investigated the deep scattering of -hadrons. Measurements of pp and n p 
elastic scattering out to momentum 
transfers of t '" -14 (GeV/c) 2 con
fronted the structure of diffraction 
minima and maxima e.xpected in optical-
model descriptions. No secondary 
minimum was found. Fermilab experi-
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ments were among the first to establish 
that large-trans verse-momentum hadron 
production is copious enough to be 
studied extensively. Subsequent inves
tigations have revealed that inclusive 
cross sections behave as d 0/ (d 3p /E) 
= P 1 -Bf(p i Is) at the energies and 
transverse momenta currently acces
sible. This suggests that present-day 
"high-p 1" is not high enough to isolate 
elementary parton-parton scattering, 
with its expected Pl- 4 behavior. It 
has also been found that pion beams are 
more efficient than hadron beams for 
the production of large -p 1 hadrons. 
The relatiye rate of heavy - particle 
(K, n, p, p) production is found to 
increase significantly at large-p 1. 

Although the study of hadron jets 
is somewhat frustrating below about 400 
GeV, there is good evidence for the 
idea that the inclusive cross section 
for jet production is two orders of 
magnitude greater than that for single
particle production. Recent experi
ments on the production of ,rt, K±, p±, 
in n-p collisions convincingly show the 
absence of dominant "leading-particle" 
effect for n- production at large p 1. 
Other details of the hard collision 
process are supplied by dihadron 
correlation studies. An anomalous and 
species-dependent A-dependence (0 ex: An, 
n > 1) observed in production from 
complex nuclei has not yet found a 
satisfactory understanding . Finally, 
comparison of inclusive measurements 
carried out at Fermilab over a wide 
range of Feynman-x and p 1 has provided 
evidence for "radial scaling" as a 
useful empirical parametrization. 

The significant ratio of prompt 
lepton to pion production t/ n-10- 4 ) 

found in early single-arm· experiments 
at Fermilab was a cryptic indication of 
new phenomena . Subsequent experiments 
have shown that most prompt leptons are 
pair-produced electromagnetically 
(approximately 70%) with important con
tributions from W decay (approximately 
30%) and from a low-mass continuum that 
is still only dimly understood . Single 
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prompt leptons accompanied by 
energy are consistent with a 
particle origin. 

missing 
charmed-

Continuum studies of dilepton pro
duction have been an important element 
of the Fermilab program. Experiments 
have established the approximate valid
ity of Drell-Yan scaling and confirmed 
the expected A Ldependence of pair 
production from complex nuclei. The 
e xperiments go on to measure the struc
ture functions of quarks in the nucle
on. Since these are independently 
determined by lepton scattering experi
ments, an important confrontation of 
the Drell-Yan model is available. The 
model has in the meantime evolved into 
a QCD theory and higher-order correc
tions seem more in line with the data 
than the simple model. 

The same data provided new evi
dence for the primordial (binding) 
motion of quarks imprisoned in the 
colliding hadrons. This was observed 
via the p 1 behavior of dileptons, which 
achieved fairly detailed explanation. 
Only quark-gluon effects were included 
in the calculations. Comparison of ~C 
+ (1/ lJ-) + anything indicated a 
substantial isospin violation, as 
expected for an electromagnetic pro
cess, and verified that the virtual 
photons were produced in the annihil
ation of quarks with average charges of 
12/31 and 11/31 . Measurements of the 
decay angular distributions of muon 
pairs produced in TI-N collisions are in 
agreement with the parton-model des
cription except near x = 1, where a 
change in the virtual-photon density 
matrix may reflect the influence of 
hadron wave-function (confinement) 
effects. 

4. Lepton Scattering 

The ex pectation that neutrino and 
muon scattering in a new energy regime 
would yield important discoveries en
couraged wide participation in Neutrino 
Area experiments. The field has indeed 
turned out to be rich and exciting , and 
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Fermilab experiments have made signifi
cant contributions to its development. 

Electronic experiments at Fermilab 
were an important adjunct to the dis
covery of weak neutral currents in 
deep-inelastic neutrino scattering. 
Subsequent measurements using electron
ic detectors and the IS-ft bubble cham
ber determined the rates of neutral
current to charged current interactions 
in neutrino and antineutrino scattering 
and helped to elaborate the isospin 
structure of the neutral current. A 
bubble chamber and an electronic meas
urement of the cross section for vJle 
elastic scattering provide the best 
available information on this reaction, 
which is a particularly clean test of 
neutral current models. 

cise 
\N 
out. 

In single-muon final states, pre
measurements of the total \N and 

cross sections have been carried 
Published results extend to 280 

GeV for neutrinos and 200 GeV for anti
neutrinos. Both show the expected 
linear dependence upon neutrino energy, 
and imply a lower bound of about 30 
GeV/c 2 on the mass of the charged 
intermediate boson. Extensive 
measurements of nucleon structure 
functions confirm the general validity 
of the parton-model descript i on. 
Bubble-chamber experiments have studi ed 
particle product i on in neut r i n o reac
tions with special attention t o the 
dressing ')f quarks into jets of had
rons. In first approximation, these 
jets are similar to those observed in 
e+e- annihilations, but suggestive 
differences are just now beginning to 
emerge. 

Neutrino-induced dimuon events, 
discovered at Fermilab, were perhaps 
the first experimental indications for 
charm. Bubble-chamber experiments 
established the associ ation of dilepton 
events with strange particles. Subse
quent e x tensive measurements are in 
complete accord with the charm inter
pretation. These give the first indi
cation of the Cabibbo-suppressed c + d 
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transition and the only evidence 
for the handedness of the 
changing charged current. 

so far 
charm
Still 

unexplained and of potential signifi
cance are the "like-sign" dimuon 
events. 

First-generation muon scattering 
experiments at Fermilab made the orig
inal discovery of violations of Bjorken 
scaling, an important indicator of the 
relevance of QCD. Subsequent measure
ments have confirmed and extended these 
observations and made possible new 
determinations of the quark and gluon 
distributions within the nucleon. The 
study of final states in]..lN scattering 
has led to further understanding of the 
structure of muon-initiated events and 
of quark jets. An experiment in the 
multimuon spectrometer has provided 
measurements of the charm production 
cross section in virtual photopro
duct ion and has studied the virtual 
photoproduction of W in considerable 
detail. Such investigations complement 
the real photoproduction experiments, 
past and present, and stringently test 
the extension of perturbative QeD to 
reactions that do not take place at 
very short distances. The charm 
contribution to the]..lN cross section 
also has potentially important 
implications for the quantitative study 
of scaling violations. 

5. New-Particle Physics 

Since the discovery of the wi J in 
1974, a great number of Fermilab exper
iments have turned their attention to 
the physics of new quark flavors. Im
mediately after the discovery, the 
observation of W photoproduction gave a 
measure of the WN total cross section 
and supported the idea that W was a 
hadron. Later photoproduction studies 
have observed the W' and the charmed 
particles DO, D*, and e +, and provided 
estimates of the charm ° contribution to 
the photon-nucleon total cross section. 
The dynamics of Wand W' production 
have been studied in pN and TIN colli
sions as well. The pion is found to be 
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a superior source of large-x psions, as 
expected in a variety of models. 

Indications that a substantial 
fraction of ~'s are produced in the 
cascade decay of XIS have been found 
and are being pursued. Studies of 
multimuon final states have shown 
that ~'s are not appreciably produced 
in association with charmed parti
cles. This is evidence against a model 
in which charmed quarks from the 
hadron's sea fuse to make the psions. 

The upsilon family was discovered 
in pN collisions at Fermilab, and 
extensive measurements gave evidence 
for three states below flavor thresh
old. The production characteristics 
of T have also been studied in a large
acceptance magnetized-iron detector. 
Many experiments have been devoted to 
the search for charm in hadron col
lisions. A calorimeter experiment in 
which muons and total energy are meas
ured has made the best measurement 
extant of the charm production cross 
section: 20 ~b in 400 GeV/c pN 
collisions. The same experiment has 
placed an upper limit of 50 nb on the 
cross section for bo production, and 
has begun to make detailed studies of 
charm production dynamics. Another 
experiment reports o(bb) < 8 nb in 225 
GeV/c n-N collisions. A high-pressure, 
high-resolution streamer-chamber ex
periment has observed short tracks 
characteristic of charm decay and given 
a preliminary estimate of the charm 
lifetime. 

Perhaps the best information on 
the absolute lifetimes of charmed par
ticles comes from a hybrid neutrino 
spectrometer experiment in which 
photographic emulsion serves as the 
target. So far about eighty examples 
of short-lived particles have been 
found. On the basis of this sample, it 
appears that the lifetime of nO is 
approximately 10-13 sec and that the n+ 
lifetime may be a factor of two longer. 
A few examples of short tracks have 
also been found in neutrino bubble-
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chamber experiments. The bubble-cham
ber experiments also have found evi
dence for nonleptonic charm decays in 
effective mass distributions and have 
provided some information on branching 
ratios. On the subject of a new lepton 
flavor, bubble-chamber observations 
have ruled out the possibiltity that 
Vy is identical to v~. 

The last three years of the Fermi
lab 400-GeV program show a departure 
from the early part of the program. 
Survey- and archival hadron ' i nteraction 
experiments, total cross sections and 
elastic scattering gave way to exper
iments more closely related to the 
thrust of the standard model. The 
Drell-Yan process has been pursued in 
all channels accessible to experimen
tation. A comparison of pp- and pp
produced muon pairs has been made. The 
A-dependence and the high-x scaling 
variable region were explored and 
serious confrontation with QCD is in 
progress, indicating the presence of 
significant QCD corrections in the 
Drell-Yan process. A greatly refined 
successor to the original experiment 
that discovered T is now mounted in the 
Meson Laboratory with the aim of 
extending the observation to several 
orders of magnitude smaller cross 
sections. 

6 . Particle Searches, Etc. 

A number of conj ectured particles 
have not been found in Fermilab exper
iments. These include: 

i) free quarks 72, 75 

H) monopoles 3 , 76 

Hi) intermediate 
bosons 21A 

iv) tachyon monopoles 202 

v) heavy stable 199, 330 
particles 468, 469 

596 , 580 
vi) heavy muons 21A , 53A 
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The nonobservation of free quarks rein
forces the current theology of color 
confinement. The absence of 5 GeV/c2 

particles with lifetimes exceeding 5 x 
10-8 sec was the first evidence that 
the b-quark is not inert with respect 
to the weak interactions. 

An experiment mounted to study the 
multiphoton phenomenon observed in cos
mic-ray experiments (Schein events) 
found no evidence that they exist. 

An experiment on the rate of for
mation of TIll atoms found about 300 such 
atoms; this experiment is sensitive to 
delicate features of the TI-Il inter
action. 

The photoproduction of charmed 
particles was noted earlier and is 
being pursued with vigor in the Tagged
Photon Laboratory. A massive and 
intricate electronic experiment was 
completed in early 1981 with the data 
diges tion now nearing completion. The 
twenty million triggers recorded is 
expected to yield upwards of a hundred 
thousand charmed and charmed-strange 
events. This is hoped to be the 
world's largest sample, allowing the 
investigation of some of the rare modes 
of the D-meson decays. 

In the same laboratory, the Tagged 
Photon beam was used in a novel exper
imental setup, exploiting a hydrogen 
TPC both as a target and detector; low 
momentum-transfer states having the 
quantum numbers of the incident photon 
were explored. 

Direct photon production in had
ronic collisions is direct evidence for 
point like particles inside nucleons 
undergoing bremsstrahlung radiation. 
In particular, a process called Inverse 
QCD Compton Effect (quark + gluon + 

quark + photon) is directly calculable 
by QCD apparatus. A pioneering early 
Fermilab experiment showed evidence of 
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direct photon production; further 
studies have recently been carried out. 

The neutrino program has received 
considerable attention in the past 
years with the aim of augmenting and 
refining our knowledge of the structure 
functions, their evolutions with q2, 
and possible non-QCD corrections 
(higher twist terms, etc.). The ratio 
of longitudinal to transverse quark 
momentum distribution, the R parameter, 
was an. 0 bj ecti ve of a very large neu
trino exposure for an electronic 
experiment. Data analysis is almost 
completed and offers strong evidence 
for the Standard Model. At the same 
time, a bubble chamber filled with deu
terium offered a target to neutrinos in 
which subtle isospin tests could be 
separately studied and confronted with 
the QCD predictions. Neutral-current 
structure functions have so far eluded 
experimental measurement. The task is 
complicated by having a hadronic shower 
and a neutrino (undetectable) in the 
final state. Bubble chambers suffer 
from small mass and limited ·interaction 
depth, while electronic measurements 
usually exploit large-mass steel 
calorimeters. A new electronic 
detector with high mass was built to 
take care of this problem. A 
significant amount of data was recently 
taken. 

The interesting suggestion that 
the three neutrinos, \Ie' \I)J' and \I, may 
have a non-zero mass was made a long 
time ago. The renewed interest was 
sparked by the measurement of a USSR 
group, Ljubinov et al., which reported 
a finite result for ~ ) = 30 eVe 
Interest in this topic is eaJ.so gener
ated by astrophysical considerations 
making it "desirable" for neutrinos to 
have masses in the range of la-50 eV to 
account for the puzzle of "missing 
mass in the universe. Were it the 
case that the neutrinos have masses of 
this magni tude, wi th their number 
density as predicted by the Big Bang 
model, there would be enough total mass 
to preclude the possibility of the 

E629 : Fe 'T'rrriZab, Micmgan State U" U. of Mi nnesota, NO'T't'h-
eas tem U" U. of Roctw.ste'T', Te:tXls A & M U. 
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8616: CaUech, CoLumbia U" Fe 'T'rrriZa b, U . of Roc twS t e'T', 
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8594: Fe 'T'rrriZab, I I T, MIT, Micmgan Stat e U " NO'T'ttwm 
ILLinois U. 
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universe expanding forever. Direct 
experiments that measure neutrino mass, 
mostly of electron neutrinos, are very 
difficult and are being undertaken at 
several U.S. and other laboratories. 

Another method of establishing 
that the neutrinos are massive is to 
observe the phenomenon of neutrino 
oscillations. This quantum-mechanical 
phenomenon, resembling the mixing 
observed in the neutral-kaon system, 
supposes that the three kinds of 
neutrinos, if coupled in a way similar 
to the coupling (mixing) of quarks, 
will undergo transformations into each 
other along their paths of travel. A 
bias-free experiment on neutrino 
oscillations, using simultaneously two 
neutrino detectors at different dis
tances along the neutrino flight path 
was completed in the summer of 1982. 
The data are being analyzed. 

Associated with the phenomenon of 
the neutrino oscillations in the obser
vation made elsewhere that there is an 
anomalous inequality of electron and 
muon events produced in a beam asso
ciated with the prompt-neutrino source. 
Such a source, called a "dump target," 
absorbs longer-lived hadrons, pions, 
kaons, lambdas, etc., before they have 
a significant probability to decay. 
Hence, the neutrino flux from such a 
target should be dominated by the decay 
of much shorter lived D-mesons and F
mesons, or even heavier flavors. Apart 
from the interest in studying this flux 
per se, an experiment in the Meson Lab 
established the absence of this anomaly 
at the energy range above 30 GeV. 

Conclusion 

Ten of the experiments mentioned 
in this review have greatly contributed 
to the evolutions of our current ideas, 
and a few have had a keystone signifi
cance. Foremos t in this las t category 
is the hadroproduction of T. What was 
a very significant discovery in the 
year 1977, the upsilon family, together 
with T-lepton is now a foundation for 
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the postulate of the three particle 
families of quarks and leptons. Care
ful measurement of quarkonia states at 
Fermilab and elsewhere firmed our no
tion of the existence of quarks. QCD 
became the operative theory of hadrons 

and the very recent experimental hints 
of the W-boson existence all but set 
the stage for full acceptance of the 
Standard Model. Of course, v, and the 
t quark still have to observed, but 
"everybody" expects them to b~ found. 

Highlights of the Experimental Program 

Precise measurements of elastic and 
diffractive scattering and polarization 
effects in the collisions of 
n's, K's, p'S, anti-p's, yls, 
with target nucleons. 
1972-1978 

Precision measurements of 
moments of the unstable ° -0 -- + -11., =, =, rand rand the 
tion moments 11.0 - rO. 
1974-1982 

neutrons 

magnetic 
hyperons 

transi-

Continuum preclsl0n studies of dilepton 
production in hadronic collisions and 
application to hadronic structure 
functions and higher order QCD calcu
lations. 
1977-1981 

Observation of neutral currents in weak 
interactions of neutrinos were an 
important verification of the earlier 
CERN reports establishing this crucial 
effect. 

First observation of 
Bjorken scaling in 
scattering. 
1975 

the violation of 
muon inelastic 

Discovery of the Upsilon family of 
three closely spaced resonances 
establishing the existence of a fifth 
quark, b- and the first data on the 
properties of the heavy b system. 
1977-1979 
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Muon spectpometeps fop ExpePiment 288 in the Ppoton Centep experimental pit. 
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V. Work in the Main-Ring Tunnel 
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Harry Krider, a Belding employee, unloads Energy. Saver magnets at DO prior to 
being lowered into the tunnel for installation. 

A Main-Ring dipole magnet is 
reinstallation in the tunnel. 

lowered onto the Main-Ring moving vehicle for 



-71-

. ... 
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Thornton Murphy (left) and Max Palmer make measurements to determine how to 
insert a power spool piece for the Energy Saver under the existing Main-Ring 
magnets. 

Belding Corp. employees Clay Horton (left), Ken Meissner, and Rine DeKing, and 
Merrill Albertus, Fermilab, off load a spool piece from a trailer prior to 
inserting it in the Energy Saver beam line, visible at the far right of the 
photograph. ~ 
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Gary Capola (kneeling) and Terry Guthke use surveying techniques to align a Saver 
magnet to within a few thousandths of an inch. 

Russ Harrison connects cryogenic lines between magnets. 





• 
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Bruce Kling purges the pneumatic control system in the Main-Ring tunnel. 

Dave Augustine adjusts a leak detector used to test Energy Saver magnets. 
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Rodney Shores sprays helium on a magnet interface to check for leaks. 
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Using a chart recorder, Roger Thomas reads output from six leak detectors spaced 
100 feet apart. 

Dale Durham fits pipes for the Energy Saver 
photograph shows the often cramped conditions 
performed in the close confines of the tunnel. 

in the 
that 

~1ain-Ring 

a re typical 
tunnel. 
of many 
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jobs 
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Laif Spencer of Park Associates welds together a stainless-steel pipe assembly 
prior to welding it into the low pressure helium header behind the Main-Ring 
magnets • 

.. 
A National Heat and Power Corp. welder's helper practices welding a piece of pipe 
while sitting on the final section of the four-mile liquid helium transfer 
line. The transfer line went into operation in December, 1982. 
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Ken Olesen (left) readies a temporary blankoff plunger while Jay Theilacker 
removes a malfunctioning liquid helium relief valve from an Energy Saver dipole 
magnet. 
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VI. Publications 
HIGH ENERGY PHYSICS PROGRAM EXPERIMENTAL PUBLICATIONS* 

15-Foot Antineutrino/H2 131A 

STRANGE-PARTICLE PRODUCTION IN HIGH-ENERGY" AND v CHARGED-CURRENT INTERACTIONS ON PROTONS. 
R. Brock et al., Phrs. Rev. D25, 1753 (1982). 

MULTIPLICITY DISTRIBUTIONS IN "vP INTERACTIONS. M. Derrick et al., Phys. Rev. D25, 624 (1982). 

MEASUREMENT OF QUARK MCMENTUM DISTRIBUTIONS IN THE PROTON USING AN ANTINEUTRINO PROBE. 
V. E. Barnes et al., Phys. Rev. D25, 1 (1982). 

MEASUREMENT OF THE NEUTRAL-CURRENT-TQ-CHARGED-CURRENT CROSS-SECTION RATIO FOR ANTINEUTRINQ
PROTON INCLUSIVE SCATTERING. D. D. Carmony et al., Phys. Rev. D26, 2965 (1982). 

KD Regeneration 182 

DETERMINATION OF THE FUNDAMENTAL PARAMETERS OF THE K D_K 0 SYSTfli IN THE ENERGY RANGE 30 GeV-ll 0 
GeV. S. H. Aronson et al., Phys. Rev. Lett. 48, 1306 (1982). 

Muon 198 

DIFFRACTIVE PRODUCTION OF VECTOR MESONS IN MUON-PROTON SCATTERING AT 150 AND 100 GeV. 
w. D. Shambroom et al., Phys. Rev. D26, 1 (1982). 

Emulsion/Protons @ 200/400 GeV/c 1105/385 

RAPIDITY-GAP CORRELATION IN P.ROTON NUCLEUS INTERACTIONS AT 200 AND 400 GeV/c. M. M. Aggarwal 
et al., J. Phys. Soc. Japan 51, 353 (1982). 

Multiparticle 1110 

PION-PION DECAY DISTRIBUTIONS FOR 1I-P + 1I+1I-n AT 100 AND 175 GeV/c. 
Thesis, California Institute of Technology, 1982. 

Inclusive Scattering 1118 

S. R. Stampke, Ph.D. 

EXPERIMENTAL STUDY OF SINGLE-PARTICLE INCLUSIVE HADRON SCATTERING AND ASSOCIATED 
MULTIPLICITIES. A. E. Brenner et al., Phys. Rev. D26, 1497 (1982). 

30-In. 1I-P @ 200 GeV/c "37 

STUDY OF CHARGE-DEPENDENT BEHAVIOR OF FINAL-STATE PARTICLES IN 1I-P INTERACTIONS AT 205 GeV/c. 
G. P. Yost et a1., Phys. Rev. D2'5, 1181 (1982). 

30-In. Hybrid 1154/299 

CCHPARISON OF 147 GeV/c 1I-P LCM TRANSVERSE MCMENTUM HADRON PRODUCTION WITH DEEP-INELASTIC 
LEPTOPRODUCTION. D. Brick et al., Z. Phys. Cll, 335 (1982). 

APPROACH TO SCALING IN INCLUSIVE 11+11- RATIOS AT 147 GeV/c. D. Brick et a1., Z. Phys. Cll, 11 
(1982). 

*This list was compiled using 1981 (not in Fend.lab 1981) and 1982 journal articles, theses, 
and conference papers. Some conference papers were submitted to a conference earlier and were 
not published until 1982. If there are changes, omissions, or comments, please notify the 
Publications Office. 
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3D - In . n p & Ne @ 200 GeV/c 11 163 

NEUTRAL - PION PRODUCTION AND DIFFRACTION DISSOCIATION IN HIGH- ENERGY n-- NUCLEON COLLISIONS . 
H. R. Band et al., Phys . Rev . D2 6 , 1013 (1982) . 

15 - Ft v/H 2 & Ne 11180 

QUARK JETS FROM ANTINEUTRINO INTERACTIONS (I) . NET CHARGE AND FACTORIZATION IN THE QUARK 
JETS . J . P . Berge et al., Nucl. Phys . B184 , 13 ( 198 1 ) . 

QUARK JETS FROM ANTINEUTRINO INTERACTIONS (II) . INCLUSIVE PARTICLE SPECTRA AND MU LTIPLICI TIES 
Itl TlIE QUARK JETS . J . P . Berge et al. , Nucl. Phys . B203 , 1 ( 1982) . 

QUARK JETS FROM ANTINEUTRINO INTERACTIONS (III) . TRANSVERSE STRUCTURE OF THE QUARK JETS . 
J . P . Berge et al., Nucl. Phys . B203 , 16 ( 1 982) . 

QUARK JETS FROM DEEPLY INELASTIC LEPTON SCATTERI G. R. Orava, Physica Scripta 25 , 15 9 ( 1982) . 

INCLUSIVE CHARGED - CURRENT ANTINEUTRINO- NUCLEON INTERACTIONS AT HIGH ENERGIES . V. V. Ammosov et 
a1. , Nucl. Phys . B199 , 399 (1982) . 

Muon 11203/39 1 

STUDY OF RARE PROCESSES INDUCED BY 209 - GeV MUONS . W. H. Smith et a l., Ph ys . Rev . 025 , 2762 
( 1982) . 

Form Factor 112 16 

ELASTIC - SCATTERI G MEASUREMENT OF THE NEGATIVE - PION RADIUS . 
Lett . 48 , 375 ( 1982) . 

E . B . Dally et al., Phys . Rev . 

Emulsion/Protons @ 300 GeV/c 11232 

INITIAL BREMSSTRAHLUNG CONVERSION . D. T . King, Phys . Rev . 024 , 555 ( 198 1) . 

I 15-Foot Engineer i ng Run 11234 

I CLUSIVE nO PRODUCTION IN 250 - GeV/c n- p INTERACTIONS . R. N. Diamond et a l. , Phys . Rev . 025 , 
41 ( 1 982) . 

Neutrino 11253 

THE TOTAL CROSS SECTION FOR v~e ELASTIC SCATTERING . K. A. Lefler, Ph . D. Thesis , University of 
Maryland , 1981 . 

3D - In . Hybr id 11299 

INCLUSIVE STRANGE - RESONANCE PRODUCTION IN pp, n+p, AND K+p I NTERACTIONS AT 14 7 GeV/c . D. Br ick 
et al . , Phys . Rev . 025, 2248 ( 1982) . 

INCLUSIVE AND SEMI - INCLUSIVE pO PRODUCTI ON IN n+ / n- /K+ /pp I NTERACTI ONS AT 147 GeV/c . 
M. Schouten et al . , Z . Phys . C9, 93 (198 1 ) . 

TOPOLOGICAL, TOTAL , AND ELASTIC CROSS SECTIONS FOR K+p , n+p , AND pp I NTERACTI ONS AT 147 
GeV/c . D. Brick et al . , Phys . Rev . 025 , 2794 ( 1982 ) . 

Di - Muon 11326 

ATOMIC - WEIGHT DEPENDENCE OF MUON - PAIR PRODUCTION IN 225 - GeV /c n- NUCLEUS INTERACTI ONS . 
H. J . Frisch et al . , Phys . Rev . 025 , 2000 (1 982 ) . 

Emulsion/n- @ 200 GeV/c 11328 

INVESTIGATION OF DIFFRACTIVE DISSOCIATION OF ,,- MESONS ON NUCLEONS AND NUCLEI AT 200 GeV/ c . 
S . A. Azimov et al . , Yad . Fiz . 35 , 950 (1 982 ) . 



-87-

CHARGED AND NEUTRAL PARTICLES OF LEADING ENERG I ES IN INTERACTI ONS OF n MESONS WITH 
PHOTOEMULSION NUCLEI AT ENERGIES OF 50 AND 200 GeV . G. 1. Orlova et a l. , Yad . Fiz . 35 , 706 
( 1982) • 

Inclusive Neutral Meson #350 

AN SU (3) -BASED COMPARISON BETWEEN INCLUSIVE KAON AND PION CHARGE EXCHANGE SCATTERING IN THE 
TRIPLE REGGE REGION . A. V. Barnes -et al., Nucl. Phys . B206 , 173 (1982) . 

Emulsion/Protons @ 400 GeV/c #385 

RAPIDITY - GAP AND RAPIDITY - CORRELATION STUDY IN 400 - GeV/c PROTON - NUCLEUS INTERACTIONS . D. Ghosh 
et al., Phys . Rev . D26 , 2983 ( 1982) . 

CHARM PRODUCTION IN 400 GeV/c PROTON - EMULSION INTERACTIONS . T . Aziz et al . , Nucl . Phys . B199 , 
424 ( 1982) . 

Hadron Dissociation #396 

CHARGED MULTIPLICITIES OF HIGH- MASS DIFFRACTIVE n± , K±, and pt STATES . 
Phys . Rev . Lett. 48 , 1451 ( 1982) . 

R. L . Cool et al . , 

UNIVERSALITY OF CHARGED MULTIPLICITY DISTRIBUTIONS . K. Goulianos et al ., Phys . Rev . Lett . 48, 
1454 (1982) . 

Photoproduction #40 1 

J/~ PHOTOPRODUCTION FROM 60 TO 300 GeV/c . M. Binkley et al . , Phys . Rev . Lett . 48, 73 ( 1982) . 

Form Factor #456 

ELASTIC - SCATTERING MEASUREMENT OF THE NEGATIVE - PION RADIUS . 
Le t t. 48, 375 ( 1 982) • 

Nuclear Fragments #466 

E. B. Dally et al ., Phys . Rev . 

TARGET - A DEPENDENCE OF THE ANGULAR DISTRIBUTION OF Sc FRAGMENTS EMITTED IN 400 GeV PROTON 
INTERACTIONS . J . S . Stewart and N. T . Porile, Phys . Rev . C25 , 478 ( 1982) . 

RECOIL PROPERTIES OF FRAGMENTS EMITTED IN THE INTERACTICN OF COMPLEX NUCLEI WITH RELATIVISTIC 
12C IONS AND PROTONS . G. D. Cole and N. T . Porile , Phys . Rev . C25, 244 (1982) . 

~a Production #495 

THE MAGNETIC MOMENT OF THE CASCADE-ZERO HYPERON . P . T . Cox, Ph . D. Thesis, The University of 
Michigan, 1980. 

PRECISE MEASUREMENT OF THE ASYMMETRY PARAMETER IN THE DECAY ~a + Ana . R. Handler et al. , Phys . 
Rev . D25 , 639 (1982). 

Monopole #502 

SEARCH FOR COSHIC - RAY - RELATED MAGNETIC MONOPOLES AT GROUND LEVEL . D. F . Bartlett et al., Phys . 
Rev . D24 , 6 1 2 ( 1 981 ) • 

High Energy Channeling #507/660 

POSSIBLE APPLICATIONS OF THE STEERING OF CHARGED PARTICLES BY BENT SINGLE CRYSTALS . 
R. A. Carr i gan , Jr . , et al . , Nucl . I nstrum . Methods 194 , 205 ( 1 982) . 

RADIATION FROM THE CHANNELING OF 10 - GeV POSITRONS BY SILICON SINGLE CRYSTALS . N. A. Filatova 
et a l. , Phys . Rev . Lett. 48, 488 (1982) . 

ANGULAR DISTRIBUTIONS OF CHANNELED PIONS AND PROTONS UP TO 250 GeV/c . C . R. Sun et al . , Nucl . 
Phys . B203 , 40 ( 1982). 

RAD I ATI ON FROM 10 GeV POSITRONS CHANNELED IN SILICON CRYSTALS . N. A. Filatova et al., Nucl. 
Instrum . Methods 194 , 239 (1982). 
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Neutrino 1153 1 

NEW RESULT FOR THE LIFETIME OF THE DO MESON . 
(1982) . 

N. Ushida et al., Phys . Rev . Lett . 48 , 844 

STUDY OF SHORT - LIVED PARTICLES WITH EMULSION TECHNIQUES . J . D. Prentice, Phys . Rep . 83 , 85 
(1982) . 

n - ~ Atoms 11533 

MEASUREMENT OF THE RATE OF FORMATION OF PI - MU ATOMS IN K~ DECAY . S . H. Aronson et al ., Phys. 
Rev . Lett . 48 , 1078 (1982) . 

15 - Ft Neutrino/D2 & Hiz #545 

NEUTRAL - CURRENT v n AND v p CROSS SECTIONS FROM HIGH- ENERGY NEUTRINO INTERACTIONS IN 
DEUTERIUt1 . T . Kafka et af . , Phys . Rev . Lett . 48, 9 10 (1982) . 

NEW DECAY MODE OF THE CHARMED BARYON, Ac + + 1: 0 n + 
299 (1982) . 

T . Kitagaki et al ., Phys . Rev . Lett . 48 , 

NEUTRINO FLUX AND TOTAL CHARGED - CURRENT CROSS SECTIONS IN HIGH- ENERGY NEUTRINO- DEUTERIUM 
INTERACTIONS. T . Kitagaki et al ., Phys . Rev . Lett . 49 , 98 (1982). 

CHARMED - BARYON PRODUCTION IN vd + jJ - AX REACTIONS . D. Son et al., Phys . Rev . Lett . 49 , 1128 
(1982) . 

1 5 - Ft Neutr ino /H 2 & Ne #546 

A MOMENTUM CALCULATION FOR CHARGED TRACKS WITH MINUTE CURVATURE . E . Treadwell, Nuc l . Instrum . 
Methods 198 , 337 (1982) . 

Hadron Jets 11557 
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SLAC Back-Scattered Laser Beam," January 15, 1982 

Dr . Don Reeder, University of Wisconsin: "A New Measurement of the Prompt 
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