
In Leon’s company, it seemed that anything might be possible

Chris Quigg· Honoring Leon Lederman· APS April Meeting, Denver 2019

FERMILAB-SLIDES-19-017-T

This manuscript has been authored by Fermi Research Alliance, LLC under Contract No. DE-AC02-07CH11359 with the U.S. Department of Energy, Office of Science, Office of High Energy Physics.



• cG'■w c0(^)J" J;J"^z/(;z'/ 'V ;0J GzVJ;z^J 

'V ;0J HJ8(;zxJ Lz T(='/ (/w ;0J T(== 'V ;0J 

HJ8(;zxJ T■ T(='/

jJ'/ zVa GJ wJ/((/

• z==J";(;z'/

B■)^z;;Jw z/ L(";z(G V■GVzGG^J/; 'V ;0J "Jb W 
#■G"J^J/;( V'" ;0J wJ8"JJ 'V 'K;'" 'V L0zb
G'='k0_m y(K■G;_ 'V L■"J BKzJ/KJm c'G■^)z( 

/GxJ"=G;>"

•k"zGm DPfD

+Ul^9*•xU* D0#[ lU^40<<09; 9T #[U x9l!^0C[# 9D;U^i B•^#[U^ ^Ul^9*•x#09; l^9[0P0#U* D0#[9•# lU^40<<09;i

 2



 3



 4



 5

- 8 - AADD-6
June 25, 1963

Part II

THE TRULY NATIONAL LABORATORY (TNL)

L. M. Lederman
Nevis Laboratories, Columbia University

A. Introduction

We are facing, as a result of all the feverish activity of the sort

we are having here, the onset of two or three new super-large facilities

for high energy physics. The question of organization of these new

laboratories is obviously of very great importance. We have examples

(not in high energy physicsl) of large laboratories containing unique

facilities which, through poor organization, are generally considered to

be flops. Another exceedingly important question relates to the role of

the university in the era of the super-large laboratory, with the super-

expensive hourly running cost, surrounded by the necessary highly pro-

fessional on-site groups. Finally, there is the ever present competition

between institutions and regions for the presumably finite number of

authorizations for accelerators costing more than 100 million dollars.

The following contribution was stimulated by my presence on the Good Panel.

The vigor and strength of high energy physics depends on the diversity

of competent individuals and laboratories engaged in the process. Combine

this with the very large cost of the new proposals, large both in absolute

value and in f ract Lon of the total high energy research budget, and the

need to "nationalize" the laboratories becomes apparent. It is a bit

regrettable that this point was not studied in detail by the Ramsey Panel

because it is a very sensitive one, even to the point of influencing the
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RRW: “Money and effort that would go into an overly conservative design 
might better be used elsewhere… A major component that works reliably 

right off the bat is, in one sense, a failure—it is over-designed.”
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“Being a professor at a university is the best invention 
of  Western civilization.  There’s where you have 
power, you have freedom, you can do anything you 
want.  … Who wants to be a director where you are 
not free to do anything, everyone is watching you? 
God help you if you fall asleep, which you often do at 
seminars, everyone notices and puts it down.”
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Securing a future for the laboratory
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Fantasies of future Ferniilab facilities
R. R. Wilson
Fermi Rational Accelerator Laboratory, Batauia, Illinois 60510

The author presents a perspective on possible future projects at Fermilab.
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perimental areas, also shown, which have successively
been brought into operation. The synchrotron was de-
signed to accelerate 5X 10" protons per pulse (ppp) to
500 GeV. Although the accelerator did reach an energy
of 500 GeV, it regularly operates at 400 GeV and' at in-
tensities of about 2x 10" ppp, the maximum so far being
2.6&&10" ppp at a cycle time of about 10 seconds.

The characteristics of the accelerator and the experi-
mental areas have been described in detail in a review
article by J. B. Sanford (1976). As of July 1978 some
250 experiments had been completed of the 300 propos-
als for experiments which had then been approved.
The results of those experiments have been published
in about 225 articles, (Half of the articles about experi-
mental particle physics appearing in Physical Review
Letters during 1977 were about work done at Fermilab).

Oh, fancie that might be, oh, facts that axe!
(Browning, 1889)

I. FOREWORD
Fancies can be faTltaslzed for fabr1catlng future fac-

ilities at Fermilab, but fulfillmentwill depend onthe un-
folding of physics, on finding funds, on the focus of
other laboratories, on forceful personalities and fierce
fights; but most of all it will depend on new facts, new find-
ings, new fancies. Thus Fermilab physicists might
find it futile to feel their may to 5 TeV, might find it
more fun to fill in facts about physics at 50 GeV, or
they might find more felicitous the flowering of photon
physics at 500 QeV. Inthe following phantasmata, let
me first figure on the most fruited fulfillment, let me
flounder in a veritable fantasia of physics facilities; for
realistic factors finally "little by little mill subtract
faith and fallacy from fact."

I I. INTRODUCTION
The Fermi National Accelerator Laboratory mas es-'

tablished in 1967 after the dramatic selection of a 7000
acre site located near Chicago, Illinois from the many
sites presented throughout the nation. Figure 1 shows
the site as it now appears; it is very flat and roughly
rectangular, 5 km on a side. The proton synchrotron
shown in Fig. 1 mas brought into operation at 200 GeV
in March 1972. It has supplied protons to the four ex-

FIG. l. Aerial view of the accelerator and experimental areas
at Fermilab. Some improvements to the experimental areas
have already been started to accomodate the extracted 1 TeV
beam when available.

Reviews of Modern Physics, Vol. 5'l, No. 2, April 1979 Copyright 1979 American Physical Society

https://doi.org/10.1103/RevModPhys.51.259
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Bringing dignity to the office
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Enhancing the Quality of Life
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Enriching the scientific environment
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1980–81
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Scientific Advisory Group & Junior SAG

Director’s Coffee Break

Visits to experiments, Main Control Room

Hyper-CP

“High-Energy Experiments” @ Les Houches 1981

1985–: Joint University–Fermilab Doctoral Program 
in Accelerator Physics and Technology
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Pan American physics 

an t ineu t r i nos at energ ies b e l o w 5 0 
M e V . T h e p r o p o s a l cal ls f o r t h e c o n -
s t r u c t i o n o f a 5 0 0 t o n d e t e c t o r , c o m -
p o s e d m o s t l y o f a lum in ium p lanes 
a n d sc in t i l la to r pane ls , in w h i c h par-
t ic le t r a c k i n g w i l l be d o n e b y e i ther 
f l ash c h a m b e r s , w i r e c h a m b e r s , o r 
p r o p o r t i o n a l d r i f t c h a m b e r s . A u g -
m e n t e d by a sma l l 2 0 t o n d e t e c t o r o f 
t h e s a m e d e s i g n , l oca ted 2 0 0 m 
f r o m the neu t r ino s o u r c e , and t he 
large 5 0 0 t o n d e t e c t o r 3 8 0 0 m a w a y 
it w i l l be poss ib le t o measu re any 
neu t r i no osc i l l a t ions w i t h h igh sens i -
t i v i t y . 

T h e p r o p o s a l r eques ts ma jo r f u n d -
ing in 1 9 8 4 w i t h t h e a im o f c o m p l e t -
ing c o n s t r u c t i o n in s u m m e r 1 9 8 5 . It 
has been s u b m i t t e d t o t h e Depa r t -
m e n t o f Energy f o r r e v i e w by t h e 
Nuclear Sc ience A d v i s o r y C o m m i t -
t ee . 

Early in Janua ry , a un ique m e e t i n g o f 
Lat in A m e r i c a n phys i c i s t s t o o k p lace 
at C o c o y o c in M e x i c o . A p a r t f r o m a 
s t r o n g s u m m e r s c h o o l p r o g r a m m e , 
t h e last t i m e s o m a n y Lat in A m e r i c a n 
i ns t i t u t i ons g o t t o g e t h e r w a s m o r e 
t h a n t e n yea rs a g o . The m e e t i n g had 
a b o u t 5 0 a t t e n d e es w i t h s t r o n g re -
p resen ta t i ons f r o m the U S , Brazil and 
M e x i c o . 

T h e m e e t i n g w a s d e s i g n ed w i t h 
t w o ob jec t i ve s — t o r e v i e w t h e s u b -
s t a n c e , cu r ren t s ta tus and fu tu re ex -
p e c t a t i o n s o f h igh ene rgy par t ic le 
p h y s i c s , and t o su rvey t h e s ta te o f 
phys i cs research and e d u c a t i o n in 
Lat in A m e r i c a and exp lo re t h e p o s s i -
b i l i t ies o f inc reased co l l abo ra t i on 
w i t h t he U S , cons i s t en t w i t h t he idea 
o f a h o s t US Labo ra to r y . 

One f o r m o f co l l abo ra t i on is t o p r o -
v i de ass i s tance t o g r o u p s i n te res ted 
in b e c o m i n g users o f h igh ene rgy 
fac i l i t ies . A n o t h e r f o r m , m o r e a p p r o -
pr ia te t o coun t r i es less a d v a n c e d in 
the i r phys i cs d e v e l o p m e n t , is t o p r o -
v ide a s t imu lus t o expe r imen ta l i s t s in 
any f ie ld o f phys i cs w h o w o u l d p ro f i t 
f r o m e x p o s u r e t o t he a d v a n c e d t e c h -
n o l o g y assoc i a ted w i t h h igh ene rg y 
Labo ra to r i es . Impl ic i t in t h e s e o b j e c -
t i ves w a s t h e a s s u m p t i o n , pe rhaps 
even d e e p c o n v i c t i o n , t ha t a s t r o n g 
phys i cs capab i l i t y is a necessa ry 
c o m p o n e n t in t he po ten t ia l f o r t e c h -
no log ica l d e v e l o p m e n t . 

Supe rb lec tures w e r e g i ven b y 
She ldon G l a s h o w , J . D. B jo rken a n d 

Bu r ton Richter o n t h e a c c o m p l i s h -
m e n t s , t h e cu r ren t s ta te and e x p e c -
t a t i o n s f o r t h e near and far f u tu re in 
h igh ene rgy p h y s i c s . T o p i c s o f cur -
rent phys i c s in te res t w e r e a lso d i s -
c u s s e d by J . Chela Florez, G. Perez, 
M . M o r e n o and A . Z e p e d a . T h e 
m o r e soc io log i ca l a s p e c t s w e r e 
c o v e r e d in t h ree r o u n d tab le d i scus -
s i ons and th ree f o r u m s . 

Round Tab le I desc r i bed t h e 
m o d e s o f u t i l izat ion o f h igh ene rgy 
phys i cs fac i l i t ies , c o v e r i ng h o w us -
ers f o r m co l l abo ra t i ons , h o w t h e y 
m a n a g e the i r un ive rs i t y ob l i ga t i ons 
and car ry o u t research at t h e b ig 
Labo ra to r i es . T h e spu r t o local i n -
d u s t r y w a s d i s c u s s e d and i l lus t ra ted 
b y a desc r i p t i on o f t he techn ica l l y 
s o p h i s t i c a t e d dev i ces w h i c h users 
c o n s t r u c t at h o m e and b r ing t o t h e 
acce le ra to r . 

T h e ICFA ( In ternat iona l C o m m i t t e e 
o n Future Acce le ra to rs ) s t a t e m e n t 
o n ut i l izat ion po l i cy , w h i c h has been 
a c k n o w l e d g e d by all o f t h e w o r l d ' s 
L a b o r a t o r y m a n a g e m e n t s , appar -
en t l y w a s n o t k n o w n t o Lat in A m e r -
ican sc ien t i s t s . T h e s t a t e m e n t d e -
c lares t ha t fac i l i t ies are o p e n t o all 
users on a w o r l d - w i d e bas is , t he on l y 
cr i ter ia o f se lec t i on be ing sc ient i f ic 
mer i t and techn ica l c o m p e t e n c e o f 
t h e p r o p o s a l . Th i s po in t w a s e m p h a -
s ized at t h e m e e t i n g b y t he asse r t i on 
t h a t if expe r imen ta l h igh ene rgy p h y -
s ics is d e e m e d t o be a usefu l ac t i v i t y 
a t any ins t i tu te in t he w o r l d , t he n 
a d m i s s i o n t o any o f t h e w o r l d ' s ac-
ce le ra to rs is sc ient i f ica l l y c o m p e l -
l ing . 

T h e requ i remen t f o r f o r m a t i o n o f a 
sma l l bu t v iab le phys i cs g r o u p and 
t h e ac t i v i t i es o f such g r o u p s w a s 
w e l l d e s c r i b e d by M . Kreis ler , cur -
ren t l y co l l abo ra t i ng w i t h Co lumb ia 
a n d t he Un ive rs i t y o f M e x i c o in a 
B r o o k h a v e n / Fermi lab e x p e r i m e n t . 
T h e ve ry re levant Canad ian exper -
ience o f d e p e n d i n g o n acce le ra to r 
fac i l i t ies a b r o a d w a s c i t ed . T h e in ter-

1 0 8 CERN Courier, April 1982 

Creating the Pan-American Connection
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Creating the Pan-American Connection 
with colleagues from South of the Border

First Pan-American Symposium on Elementary Particles and Technology  
Cocoyoc (Morelos) Mexico, January 1982

Leon + J. D. Bjorken, G. Charpak, R. Feynman, S. Glashow, 
R. Marshak, M. Moravcsik, B. Richter,  A. Tollestrup,  

N. Samios, W. Panofsky, R. E. Taylor and R. R. Wilson.

LML, "Fermilab and Latin America"

https://doi.org/10.1063/1.2359388
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Creating the Pan-American Connection 
with colleagues from South of the Border

First Pan-American Symposium on Elementary Particles and Technology  
Cocoyoc (Morelos) Mexico, January 1982

Leon + J. D. Bjorken, G. Charpak, R. Feynman, S. Glashow, 
R. Marshak, M. Moravcsik, B. Richter,  A. Tollestrup,  

N. Samios, W. Panofsky, R. E. Taylor and R. R. Wilson.

LML, "Fermilab and Latin America"

1984:     “The U.S. should offer our Latin American neighbors 
a massive graduate fellowship program in science and engineering.”

https://doi.org/10.1063/1.2359388
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Looking over the horizon: 
From the Desertron to the SSC
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FERMILAB AND THE FUTURE OF HEP

L. M. Lederman
Fermi National Accelerator Laboratory·

Batavia, Illinois 60510

I. General Comments

I assumed that this DPF assembly was designed in
large measure to address the issue of U.S. HEP in the
"late 80' s," where our last Woods Hole panel
identified a need for new and exciting facilities. My
initial comments are made as a citizen-physicist.
Later I will put on my director's hat and discuss
Fermilab's options. The scale is set by Europe where
by the late 80'S, they will surely have LEP, and have
had six to eight years of 'xp, and may well have HERA.
By the early 1990's there will be a European
capability to pave the LEP tunnel with superconducting
magnets to make 1 TeV/tesla of proton acceleration,
Which, at 6 tesla is a 6 TeV ring. By 1990 or so, UNK
(USSR) is scheduled to come on at 3 TeV for fixed
target physics with collider application some years
later.

These are formidable challenges and, at the same
time, especially in the case of LEP, a very daring and
imaginative thrust towards definitive tests of our
current understanding. Considering the U.S. posture,
I began to have nightmares. Dare we be any less
imaginative? Are we settling into a comfortable,
secondary role in what used to be an American
preserve?

And what are the scientific imperatives? In my
opinion, theoretical physics beyond the standard model
has been treading water for several years ••

• "By the year 1985, the Fermilab
Collider should operate at 2 TeV. It is
now abundantly clear that these energies
are not adequate to reveal nature's
secrets at high energy. • •• We need a
20 TeV hadron-hadron collider."

pastures? In the U.S., the problem is that we have,
over the past two decades, been reduced to four aging
laboratories. Each of these laboratories properly does
accelerator R&D in order to maximize the physics that
can be realized on its site. Our history and
traditions do not extend back far enough to prove that
this may not be best for HEP, even for U.S. HEP. But I
believe it is a dangerous situation. I happen to
believe in the lessons of history (standard model or no
standard model) and, therefore, in the urgency of
proceeding to the next energy step, as soon as
possible. This belief will and should be debated
hotly. (There were theorists in the 60's that
preferred a high intensity 10 GeV machine to a 200 GeV
accelerator.) But just suppose I'm right and 20-40 TeV
in the CM turns out to be decisive for higgs or
constituent quark models or whatever. In my nightmare,
I noticed that none of the four labs has a large enough
site for this energy range without a great advance into
the> 10 tesla supermagnet technology. This may well
explain why there has not been a proposal for the great
leap forward.

As proposals for the late 80's, all four
laboratories have been pressing on projects which may
not, in my opinion, provide "sufficiently bold thrusts
into the unknown" and, in this sense, do not seem to me
to promise to provide the excitement which draws the
best and brightest. In particular, I fear that these
proposals do not promise to dramatically enlarge the
domain of observations when we consider the world's
activities. Specifically, I believe it is important to
at least examine the possibility that the machine for
the late '80s be, in fact, a very bold advance. We
need to ask ourselves hard, introspective questions:
are we, as a community, growing old and conservative,
and is there a danger of quenching the traditional
dynamism we have surely enjoyed in the past three
decades?

A. Salam, Paris Conference, 1982

S. Glashow, Rome Workshop, October, 1981

*Operatea by Universities Research Association, Inc.
under contract with the U.S. Department of Energy.

In contemplating the late 80s, where will the breakout
occur? Who will lead US to the green, intellectual

All of this led me to consider the problem: how
can we break out of the aging lab and inadequate lab
site constraints -- how can we creatively leapfrog the
world and get to the multi TeV domain soon? The
possibility of near-term (less than -4 years)
technological breakthroughs seems very remote. Our
experience with SAVER magnets and the complexities of
10 tesla magnets indicates that here, again, we face a
long R&D program, with no assurance that we will break
through on costs (see below). We were then led to
consider old technology: iron magnets with radical
innovations in fabrication, mass production,
installation, etc, so as to bring the costs per meter
down substantially more than the ratio of magnetic
fields. Since the operating costs are also relevant,
the iron would have to be energized by superconductors;
i.e., we are -talking about an old idea, superferric
magnets. Since we are now dealing with
state-of-the-art systems, it seemed plausible that a
1-2 year R&D program could yield a very good assessment
of the possibilities. Now, With 2-3 tesla magnets, we
are talking about a very large site -- clearly a new
laboratory which would become the U.S. High Energy Lab.
It would have to contain a ring of -15-30 Km radius,
and if shallow trenching (instead of conventional
tunnels) is the mode, then the site must be very flat,
sparsely populated, yet near a good, international
airport. Hence the accolade, "Machine-in-the-desert."

Accelerator SummerM. Veltmann, SLAC
School, 1982.

"The outstanding problems in today's
theory of particles are such that none of
the projections beyond the standard model
can be considered with any confidence.
What we need is experimental guidance:
exposure to the no man's land of
lepton-lepton or quark-quark collisions
up to the mass range of 1 TeV and
beyond."

"Do not ask theorists at which energy to
aim for the next generation of high
energy accelerators. Aim at the highest
possible."

-125-

1982

http://inspirehep.net/record/185815/files/C8206282-pg125.PDF
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A PRIMER ON DETECTORS IN HIGH LUMINOSITY ENVIRONMENT

R. Huson, L. H. Lederman and R. Schwitters
Fermi National Accelerator Laboratory-

Batavia, Illinois 60510

I. History

The following remarks are relevant to the problem
of balancing luminosity versus energy in new HEP
construction.

In a 1973 Isabelle Summer study,l it was stated
that the only experiment that would succeed at a
luminosity of 10"cm-2sec- 1 was one in which the
apparatus was shielded from the collision region by
massive quantity of steel. In 1981, this opinion was
confirmed by an authority no less than S.C.C. Ting. 2
It may be instructive to review the progress of
collider detectors over the past decade. In 1973, the
time resolution or,better, the integrating time of
tracking detectors was -100 ns. In 1982, this time
has remained the same since PWC's are still the
fastest tracking devices available. The fundamental
limit is the saturated drift velocity of electrons in
gases. Better resolution and three dimensional
properties have led to the choice of drift chambers
and TPC's which have considerably longer integration
times. A new characteristic of 1982 detectors is the
increasing pervasiveness of calorimeters which have
become indispensable devices for measurement of
electromagnetic and hadronic energy, especially at
momenta where magnetic measurements become imprecise.
Calorimeters, because of their innate geometric
dimensions set by the nuclear mean free path and their
distance from the interaction point have integration
times of -200-1000 ns. Of course this is the present
state of the art which depends on the properties of
BBQ, gas chambers, liquid argon, lead glass, etc.

The conclusion is that things have only gotten
worse since 1973.

II. Integration Time - Tracking

What are the implications of long integration
times? We are facing collision energies so high that
the charged and neutral multiplicities, M average
about 60 particles near 1 TeV. These typical
multiplicities have surprisingly large fluctuations,
such that Gaussian or Poisson statistics do not
apply.' For example, the probability of having 2 M
particles is one quarter that of haVing Hparticles.
A track detector that integrates over, say, N events
(with its integrating time of must add N times
the average multiplicity to the number of particles in
the triggering event. If this is a typical hard
collision it may well have a track many
times higher than the average multiplicity.' At
10"cm-2sec- 1 , ±100ns integrates over an average of 10
events., If each event generates an average of 30
charged particles (and -30 neutral particles) one
must add an average of 300 particles to the trigger
induced event. Not all of these will conveniently
stay in the beam pipe. (See typical events attached.)
According to UA1' an average of 50 particles enter the
central calorimeter at lSI: 540 GeV in minimum bias
events. Many others will strike flanges, supports,
pole pieces, etc. and shower with very high
mUltiplicities, the end products of which give rise to
noise or albedo, i.e., single hits in detectors or
random tracks. This has severe implications for

10perated by Universities Research Association, Inc.
under contract with the U.S. Department of Energy.

tracking efficiency; there is in fact a fair
likelihood that these high multiplicities will render
any of the tracking devices, as we now understand
them, inoperable. PWC's have operated at ambient
singles rates of 10 Mcps with fairly simple track
configurations. However, experience with 20-30
tracks, e.g., at the ISR's Split Field Magnet or at
various multiparticle spectrometers suggest a CDC 7600
CPU analysis time event of hundreds of
milliseconds up to -5 secl To contemplate the
functioning of a track chamber with several hundreds
of tracks, many of low and "curling" energies (even
given scintillation tagging) clearly requires a major
advance. As a dramatic example, look at Fig. 1 and
imagine superposing 2, 3 or 5 such events in a single
trigger.

We should note that before one can reject tracks
for pointing incorrectly one must be able to do the
pattern recognition. A more quantitative tabulation
of the influence of finite integrating time is
presented in Tables I and II.

III. Calorimetry

To this tale of woe we must add the problem of
the calorimeters. Now we have -30 Charged and 30
neutral particles incident upon the calorimeter which
has an optimistic integrating time of ±200ns. This is
at -1 TeV. Multiplicities will about double at
10 TeV. It is true that a typical event may add
negligibly to a (say) 100 GeV/c transverse momentum
trigger. Some fraction of good events would be
confused by the integration, but it is also clear that
a large enough number of random accumulations of 10 or
20 minimum bias events can generate fake physics.
These may provide a background for a large fraction of
the anticipated physics signatures. During the
interval between real 100 GeV/c jets say (at the rate
of 10 per day) there would be -5x1011 accumulations of
twenty random events I If each charged particle
generates a transverse energy of 500 Mev' and each
photon 250 Mev, a minimum bias event produces an
average of -20 GeV of Et • Twenty events yields
400 GeV!1 Gating may reduce this to -200 GeV. A
patient Monte Carloist can decide how often these will
fluctuate and cluster so as to fake a PT : 100 GeV/c
event. However, this intrepid soul must be sure he is
using the correct distribution function for
fluctuations around the "typical" minimum bias
trigger. This does assume either a breakthrough in
tracking or, more likely, ability to see jets without
tracks.

IV. Current State of the Art

There is ample data from 1982 experiments that
support this pessimism. Charm was discovered in 1975.
In spite of eight years and three generations of
experiments at Fermilab, ISR, SPS and AGS the total
number of clear charm events observed in hadron
collisions is about one hundred I Nevertheless,
literally millions of charmed particles were produced
in the targets of the dozens of experiments looking
for charm. It is obViously even worse for bottom
mesons. Why? The primary problem is that the
hadronic production cross section is less than O.lJ of
the total cross section. Then, high (5-10 tracks)
multiplicities, combinatorials, backgrounds, i.e., the

-36f-
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L. M. Lederman
Fermi National Accelerator Laboratory·

Batavia, Illinois 60510

I. General Comments

I assumed that this DPF assembly was designed in
large measure to address the issue of U.S. HEP in the
"late 80' s," where our last Woods Hole panel
identified a need for new and exciting facilities. My
initial comments are made as a citizen-physicist.
Later I will put on my director's hat and discuss
Fermilab's options. The scale is set by Europe where
by the late 80'S, they will surely have LEP, and have
had six to eight years of 'xp, and may well have HERA.
By the early 1990's there will be a European
capability to pave the LEP tunnel with superconducting
magnets to make 1 TeV/tesla of proton acceleration,
Which, at 6 tesla is a 6 TeV ring. By 1990 or so, UNK
(USSR) is scheduled to come on at 3 TeV for fixed
target physics with collider application some years
later.

These are formidable challenges and, at the same
time, especially in the case of LEP, a very daring and
imaginative thrust towards definitive tests of our
current understanding. Considering the U.S. posture,
I began to have nightmares. Dare we be any less
imaginative? Are we settling into a comfortable,
secondary role in what used to be an American
preserve?

And what are the scientific imperatives? In my
opinion, theoretical physics beyond the standard model
has been treading water for several years ••

• "By the year 1985, the Fermilab
Collider should operate at 2 TeV. It is
now abundantly clear that these energies
are not adequate to reveal nature's
secrets at high energy. • •• We need a
20 TeV hadron-hadron collider."

pastures? In the U.S., the problem is that we have,
over the past two decades, been reduced to four aging
laboratories. Each of these laboratories properly does
accelerator R&D in order to maximize the physics that
can be realized on its site. Our history and
traditions do not extend back far enough to prove that
this may not be best for HEP, even for U.S. HEP. But I
believe it is a dangerous situation. I happen to
believe in the lessons of history (standard model or no
standard model) and, therefore, in the urgency of
proceeding to the next energy step, as soon as
possible. This belief will and should be debated
hotly. (There were theorists in the 60's that
preferred a high intensity 10 GeV machine to a 200 GeV
accelerator.) But just suppose I'm right and 20-40 TeV
in the CM turns out to be decisive for higgs or
constituent quark models or whatever. In my nightmare,
I noticed that none of the four labs has a large enough
site for this energy range without a great advance into
the> 10 tesla supermagnet technology. This may well
explain why there has not been a proposal for the great
leap forward.

As proposals for the late 80's, all four
laboratories have been pressing on projects which may
not, in my opinion, provide "sufficiently bold thrusts
into the unknown" and, in this sense, do not seem to me
to promise to provide the excitement which draws the
best and brightest. In particular, I fear that these
proposals do not promise to dramatically enlarge the
domain of observations when we consider the world's
activities. Specifically, I believe it is important to
at least examine the possibility that the machine for
the late '80s be, in fact, a very bold advance. We
need to ask ourselves hard, introspective questions:
are we, as a community, growing old and conservative,
and is there a danger of quenching the traditional
dynamism we have surely enjoyed in the past three
decades?

A. Salam, Paris Conference, 1982

S. Glashow, Rome Workshop, October, 1981

*Operatea by Universities Research Association, Inc.
under contract with the U.S. Department of Energy.

In contemplating the late 80s, where will the breakout
occur? Who will lead US to the green, intellectual

All of this led me to consider the problem: how
can we break out of the aging lab and inadequate lab
site constraints -- how can we creatively leapfrog the
world and get to the multi TeV domain soon? The
possibility of near-term (less than -4 years)
technological breakthroughs seems very remote. Our
experience with SAVER magnets and the complexities of
10 tesla magnets indicates that here, again, we face a
long R&D program, with no assurance that we will break
through on costs (see below). We were then led to
consider old technology: iron magnets with radical
innovations in fabrication, mass production,
installation, etc, so as to bring the costs per meter
down substantially more than the ratio of magnetic
fields. Since the operating costs are also relevant,
the iron would have to be energized by superconductors;
i.e., we are -talking about an old idea, superferric
magnets. Since we are now dealing with
state-of-the-art systems, it seemed plausible that a
1-2 year R&D program could yield a very good assessment
of the possibilities. Now, With 2-3 tesla magnets, we
are talking about a very large site -- clearly a new
laboratory which would become the U.S. High Energy Lab.
It would have to contain a ring of -15-30 Km radius,
and if shallow trenching (instead of conventional
tunnels) is the mode, then the site must be very flat,
sparsely populated, yet near a good, international
airport. Hence the accolade, "Machine-in-the-desert."

Accelerator SummerM. Veltmann, SLAC
School, 1982.

"The outstanding problems in today's
theory of particles are such that none of
the projections beyond the standard model
can be considered with any confidence.
What we need is experimental guidance:
exposure to the no man's land of
lepton-lepton or quark-quark collisions
up to the mass range of 1 TeV and
beyond."

"Do not ask theorists at which energy to
aim for the next generation of high
energy accelerators. Aim at the highest
possible."

-125-
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http://inspirehep.net/record/185847/files/C8206282-pg361.PDF
http://inspirehep.net/record/185815/files/C8206282-pg125.PDF
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Answering the Call
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Tending the flock
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https://history.fnal.gov/criers/FN_1988_11_18.pdf
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Passing the baton 
“Ten years is a good round number.”
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Savoring the afterlife
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+ IMSA, University of Chicago, IIT,  AAAS, … 
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Delighting in talent
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Making us smile
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Engaging young minds: 
Saturday Morning Physics
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In Leon’s company, it seemed that anything might be possible.

Thank you, Leon!
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