
Jim, Hard  Scattering, and the 
Development of the Parton Model 



We have become used to the idea that 
matter has a structure smaller than 

protons- it wasn’t so in 1970… 
1. Introduction: Partons & Hadrons, and Hadrons & Partons 

2. Context: a new national lab, new energy reach, challenges 

3. 1970: Jim and Pierre  propose Fermilab  Experiment E100 

4. `Discoveries’ (or almost )- parton-like particle production, 

direct muons, the ‘Cronin-Effect’ in nuclei  

5. 1976: Jim heads up the Colliding Beam Experiments Dept.   

(the seeds of  the Collider Detector at Fermilab (CDF))  

6. 1984: If Wishes Were Horses: The pbar-p SSC option: Jim’s 

vision of a more careful and more real approach to the SSC 

7. Working with Jim… 

8. Taking stock- high-Pt parton production, charm, RHIC/Alice 

 



Probing a New Energy Region 

Fermilab was coming on the air. Wilson’s vision was it would be a 
national lab rather than ‘in-house’, and so an opportunity to propose 
new ideas with strong technical  support ($, talent). It was exciting. 
 
Going from 30 GeV to 200 GeV seemed like an enormous jump, 
opening up a huge energy region for the discovery of  what was really 
going on at short distances. It was a simpler time, and the 
opportunity to explore was so clear…  
 
But where to look? Jim and Pierre proposed looking at particle 
production in a region where conventional wisdom (sic) predicted 
there wouldn’t be particles- large momentum perpendicular to the 
beam direction.  The rule-of-thumb was the spectrum was 
exponential and very very steep (e-6PT), where PT is ‘transverse mom.’. 
 
And in Jim’s style, the apparatus was simple and could be built by a 
small group- 6 people.  `Single-arm’ magnetic spectrometer at 90o 

 
However, the scale was new- 90o  in the c.m. transforms into a long 
spectrometer at a small angle in the laboratory frame. 
 
 



Hard Parton Scattering-Introduction 

 A parton is a quark or gluon- 

carry color, and so aren’t `free’ 

A hadron is a strongly 

interacting particle made of  

partons- e.g. the proton, 

neutron, pion, kaon, c- and b 

mesons, s,c,and b containing 

baryons   

A “Cartoon” of  a hard parton `scattering’ 

producing a W boson in pbarp collisions  



Hard Parton Scattering 
Berman, Bjorken, and Kogut (BBK)- 1971 

Momentum space- Plongitudinal along the beams; PT Transverse 

Dots are partons; scales are in GeV. 
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Hard Parton Scattering 
BBK Predictions on hard parton scattering, 

annhilation to the W and Z, direct leptons,… 



High-PT Particle Production: E100 
at Fermilab: 1970-77  

Jim and Pierre: Fermilab 
Proposal, Expt100, 1970: 

“…an Exploratory Investigation…”  
 

1. High Pt Hadron 
Production 

2. The W boson 
3. The Z boson (`heavy 

photon’) 
4. Charm, beauty (`Short-

lived particles’) 

 



E100 at Fermilab: 1970-77 

Figure 1 of  the E100 Proposal – the “Peyrou Plot” at 

NAL 
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(JWC hand-drawn 

original ) 

The transverse 

direction is 

perpendicular 

to the beam- 

looking at 

collisions that 

scatter at 900 



E100 at Fermilab: 1970-77 

Jim’s hand-drawn layout of  the E100 spectrometer-  100 yards long… 



Particle Identification – not so different 

from the standard collider “kit” 

nowadays (exept for Pierre’s 

beautiful Cherenkov counters, and 

the Lorentz frame): 

1. Magnetic Spectrometer for 

momentum 

2. Pb/Scint EM Calorimeter for 

Electron ID 

3. Steel/Scint Stack for Muon/Hadron 

Separation 

4. Innovative “Shutter” for Lifetime 

Extrapolation 

E100 at Fermilab: 1970-77 



E100 at Fermilab: 1970-77 
One real strength of E100 was particle identification via 

Pierre’s Cherenkov ctrs- a capability largely lost in modern 

collider detectors:  

A `Pressure Curve’- 

index of refraction of 

gas changes vs 

pressure, and particles 

at the same momenta 

but different velocities 

produce light at angle  

cos(theta) = 1/(beta n) 



E100 at Fermilab: 1970-77 

First Results- 1972- see 

power-law behavior and  

energy dependence at large 

Pt 

BUT- ISR beat us to punch 

line (sadly, and barely) 

Note energy-dependence 

at high Pt- evidence of  

hard scatters 



Telagram (sic) from Feynman  

July 1976 

SAW CRONIN AM NOW CONVINCED WERE RIGHT TRACK QUICK WRITE 

FEYNMAN 

From Rick Field’s Lectures at UC, July 2006 



Letter from Feynman Page 1 

Spelling? 

From Rick Field’s Lectures at UC, July 2006 



Feynman Talk at Coral Gables (December 
1976) 

“Feynman-Field  

Jet Model” 

1st transparency Last transparency 

From Rick Field’s Lectures at UC, July 2006 



Direct Muon Production  

Use a pair of  movable 
‘shutters’ to absorb 
pions, kaons, protons… 
 
2 points allows 
extrapolating to zero 
lifetime- `aka direct’. 

From Jim’s lectures at Erice-1975 

Pions and Kaons 
decay into muons- 
large background 



Direct Muon Production- July 74 

Ratio of  mu-to-pi.  Note CP precision  

Publication in PRL 
 
  
(only 1 of  3 times I ever saw Jim 
angry- actually 1 of  2.. 
Stories over dinner or by request)  

From Jim’s lectures at Erice-1975 



The ‘Cronin Effect’ 
We had nuclear targets- but wanted cross-sections on protons 
(nucleon)- extrapolated from 3 nuclei to A=1  

Found a surprising effect- the `Cronin Effect’- stronger dependence 
than A1.0.   Turns out to be scattering in the nucleus- now a major 
industry in the nuclear community. 



“ Colliding Beam  Experiments Department” 

Fermilab (not Jim’s Dept.) still 

a mess a year later… 

But, with Dennis Theriot and a 

really good crew derived from 

the group… (Dennis is a much 

unsung hero): 

Jim’s initiative led to the (now long-standing) involvement of  Carla 
Pilcher, Mel Shochet, and myself  in CDF and collider physics. 



The Path Not Taken: LHC, ILC, and  
the pbarp SSC Option (mrcfly brief) 

Jim had immense wisdom and 
vision, and the remarkable 
ability to apply his economical 
elegant style even to the 
largest projects. The idea was 
to go more adiabatically, and 
use resources at hand 
(Fermilab), and get to 40 TeV 
with pbarp and only  one ring  
as a step along the way.   It’s a 
pity that we didn’t start this 
way   

( Aside- I was told in the Japanese Embassy 
in DC that Japan would  have been  willing 
to  pay for the 2nd ring – - Jim’s instincts  
were  so on target.). 



The pbarp SSC Option 

1984 Workshop Initiated by Jim  



The pbarp SSC Option 

“Goals of  

the 

Workshop” 

Hand-written 
detailed 
technical design- 
Jim’s style as  a 
leader  (as 
opposed to  
Feynman’s def. 
of  a  “position of  
responsibility”)  



The pbarp SSC Option 
Jim several times was so 
right on major 
directions/facilities at 
critical junctures in the 
science: 

– Fermilab Collider        
(went well after some initial 
“screwing around” 

- SSC (not so much).. 

 

 

 

 sorrowful “what could have 
been”- we should  learn 
from) Jim’s wisdom as many 
of  the same issues are on the 
table now with the question 
of  unique Tevatron 
capabilities (pbarp but at 1/7 
the energy of  the LHC) and 
when to shut it off  
(analogous to the AGS), and 
also the path to the ILC. 

Picture from the Workshop Proceedings 



Enrico Fermi  on Fundamental Forces  

As you know, Jim admired 
and studied Fermi.  There is 
a wonderful, but not 
unexpected, strong 
intellectual connection 
between Jim’s pioneering 
work  on hard-scattering at 
the shortest distances and 
the questions Fermi laid out 
for us  65 years ago:  

. 

Fermi in his 1951 Yale Lectures:   

    “ Perhaps future 
developments of  the theory 
will enable  us to understand 
the reasons for the existence 
and strength of  these various 
interactions….” 

 

 



I’d like to return to 1974- the 
Multi-Hole Spectrometer 

What is was like to work 
with Jim 

Fermilab E325 Proposal 
June 1974 

There’s 
a subtext 



Paper and pencil detector  design 

Detector design details 

Practical details 

Performance 



Class 

Default text box 



Taking Stock 

Jim did all the right things at the right time- wonderful 
taste, sense of  discovery, minimalist experimental style 
 
E100/325- the high-Pt ‘investigations’ at Fermilab were in 
the thick of  the development of  today’s parton model- 
power-law behavior of  cross-sections (point-like 
scattering), fragmentation of  partons (PT-8 vs PT-4) , direct 
muons (charm, June 1974 vs Nov), Cronin Effect.  

 
Jim was instrumental in the start of  the collider program 
at FNAL- at CDF alonge discovery of  top, precision W 
and Z measurements, precision b-quark measurements, 
development of  tools, hardware, …. 
 
Jim was right on target on the SSC- if  he had prevailed we 
would be running today at 40 TeV in pp with 2 rings. 
 
Jim left a large legacy in protégé’s- we owe him big-time. 



Jim in 1977-  



Hard-parton scattering and JWC 

1977 


