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Question: 

Can QCD alone produce mass spectra and 
parton structure functions?



How about QED

• In 1965, Freeman Dyson received 
Heinemann prize at the APS metting in 
Washington.

• He said about QED.



Quantum Field Theory alone does not 

solve all the problems in the world.  It 

can be more effective if combined with 

other branches of physics.  

As an example, he mentioned the np

mass difference calculation using both 

QED and “Bootstrap dynamics” based on 

the S-matrix theory, where bound states 

correspond to poles on the complex 

plane.



It had been and still is believed 
that the neutron-proton mass 
difference comes from an 
electromagnetic perturbation. 

The question is how to calculate 
it starting from the equal mass 
for both neutron and proton.



Roger Dashen’s Bootstrap 

Calculation of the n-p Mass 

Differernce

Dyson said it was a history-making calculation, 

and Dashen became the genius of the century.

Appointed as a permanent member of the 

Institute for Advanced Study (1965).



In the Schroedinger Picture, Dashen’s

Calculation is



QED’s Old Partner

Schroedinger Picture of the Hydrogen Atom

Hydrogen Wave Functions satisfying the 

localization boundary condition.

I learned this when I was a senior at 

Carnegie Tech (CMU), from

Michel Baranger (Feynman’s student at Cornell)

Worked on Lamb shift.



Photo with Michel Baranger



Lamb Shift
Dyson was right 

in saying Field 

Theory needs a 

Partner.  

Who is the 

Partner?

Wave function!

Without it, you 

cannot calculate

the Lamb Shift.



Schroedinger Nonrelativic, thus 

Bethe-Salpeter Equation
G. C. Wick (1954) introduced Wick rotation.  However, Wick 

said he does not like Bethe-Salpeter equation.  The title of 
his was is “Problems with B-S equations.”

• Boundary conditions on imaginary time variable.  
Wave functions can not be given probability 
interpretation.  

• I published severlal papers on this subjects, 
especially on its Lorentz covariance,  I could not 
continue,

• As far as I can see, lattice QCD has the same 
problem as B-S equation,



Feynman, Washington, 1970



Scattering and Bound States are 

Partners in Physics

Feynman said we

should not use

Feynman diagrams 

for bound states.

Use harmonic 

oscillators for

bound states.



Feynman published his talk.

R. P. Feynman, M. Kislinger, and F. 

Ravndal,  Phys. Rev. D {\bf 3}, 2706 (1971).

From the mathematical point of view, this 

paper is a joke, but contains many 

original ideas from the physical point of 

view.





Feynman’s original Ideas are

• Regge trajectories are degeneracies of three-
dimensional  harmonic-oscillators.

*  Hadrons are relativistic extended particles and thus we 
have to construct Lorentz-covariant harmonic oscillators.  

• But, Feynman’s wave functions do not satisfy boundary 

conditions.  Feynman’s wave functions are “bad” wave 
functions.   You cannot  do physics with bad wave 
functions.



Solution to Feynman’s Problem

Construct a representation of the Lorentz group 

using harmonic oscillators, as we use spherical 

harmonics for the three-dimensional  rotation 

group

How?  Start from Feynman’s Lorentz-Invariant differential 

equation.  It has 240 different boundary conditions.  All are

wrong from the  physical point of view, except one 



Fix up Ferynman.  starting from his 

Lorentz-invariant diff. equation

• Paul A. M. Dirac

• Combine QM with SR.

• 1929.T-E Uncertainty

• 1946, Lorentz harmonics 

using oscillator wave 

functnions.

• 1949. Light-cone 

coordinate systrm.

• 1963. Coupled harmonic 

Oscillators..

• Eugene Paul Wigner

• Fundamental Internal 

Space-timte symmetrirs

of Elementary Particles

• Representations of thre

Poincare Group.  

• Wigner 1939.



Wigner’s Paper
• This paper was rejected 

by three journals, 
inculding the Physical 
Review

• John von Neuman was 
the editor of the Annals of 
Math.

• Nueman and Wigner 
went to the same High 
School in Budapest.

• Steven  Weinberg spent 
four years on this paper.  
Feynman rules for 
arbitrary spin.



Eugene Paul Wigner

A very diificult

person to approach.

Henryk Sienkiewicz

wrote a book to

approach God.

Quo Vadis

Polish Wisdom!



Henryk

Sienkiewicz 

in Warsaw

• I went there to 

worsdhip him



Moses wrote five books about God 

to talk to Him!

• I wrote book entitled “Theory and Aplications of 
the Poincare Group” using harmonic oscillators.

• Special relativity is the physics of the Lorentz 
group.

• Quantum mechnics is the physics of harmonic 
oscillators.

• Construct representations of the 
Lorentz/Poincare group using harmonic 
oscillators, to combine QM and SR.



With Marilyn E. Noz, since 1970



Last Lunch



Last Supper



Waves in Relativistic World

• There are running waves and standing waves.  

• Running waves can be approximated by plane 

waves.  Running waves can be made Lorentz-

covariant through the Klein-Gordon equation.  

Thus, the S-matrix and Feynman diagrams.

This is called Quantum Field Theory.  Is the field 

theory capable of solving standing wave or 

bound-state problems?



Running waves and Standing Waves

Running Waves

Standing
Waves

Running Waves



Symmetries. Wigner’s Little Groups

Einstein

Einstein

Wigner



Feynman said

Harmonic

Feynman Diagrams

Oscillators

Feynman Diagrams



Three-D harmonic oscillators?

How can they be relativistic or

Lorentz-covariant?

• Wigner: Internal space-tim symmetry of massive 
particles is iomorphic to O(3), three-dimensional rotation 
group.  

• For massless particles, the symmetry is isomorphic to 
E(2).

• Rotation corresponds to helicity.

• Translations to gauge transformation.





Dirac and Feynman in Poland  (1962)

• Dirac: construct a beautiful 
mathematics.

• Feynman: mathematical 

instrument that will produce 

numbers which compared 
with numbers observed in 

labs.

• In order to satisfy both, use 
two coupled oscillators. 



In 1962, I had an audience with

Paul A. M. Dirac 
In 1962, everybody in USA was doing Regge poles

and bootstraps.  I did not like this environment, 

asked Dirac what was the most outstanding 

problem in American physics.   

like Nikodemos asking Jesus

Dirac said “Young physicists should spend more 

time in understanding the difference between 

Lorenz covariance and Lorentz invariance.



Lesson from 

Dirac, 1962

Fill in the empty 

space with 

quantum?



Dirac’s Light-
Cone System

(1949)



Dirac’s Quantum Mech. and Relativity



Relativity and Quantum Mechanics



Dirac’s Quantum World

Time-energy uncertainty

without excitations.  

C-number T-E

uncertainty.

Space-time asymmetry.



Orthogonality

Relations



Covariant Bound States

(Standing Waves)

• Bound States: Hydrogen 
Atom or

Harmonic Oscillators.

• Feynman chooses osc. 
wave functions to 
understand the covariant 
world.

• Hadron consisting of two 
quarks.  Overall 
coordinate and space-
time separation.  



Time 

separation



Wigner’s Little Group

• The space-time symmetry inside the hadron is 

smaller than the Lorentz group.  It is isomorphic

to O(3), three-dimensional rotation group. 

Einstein

Einstein

Wigner



Lorentz-squeezed Hadron



Feynman in Japan (1954)



In Japan, 1953 and 1970

• In 1953, Yukawa was at Columbia University, 
and wrote a paper on extended particles based 
on a Lorentz-invariant differential equation and 
non-invariant but covariant solutions, essentially 
thee wave function I am using.  But Japanese 
never looked at this paper

• In 1970, Fujimura, Kobayashi, and Namik
calculated the proton form factor using Yukawa’s 
\wave function, without quoting Yukawa.



Electron-Proton Elastic Scattering

Form Factor



Overlapping Wave Functions



Dipole Cut-off



Probability Interpretation?

• How can you give a Lorentz-covariant 
probability interpretation to non-relativistic 
oscillator wave functions?

• Feynman’s fifferential equation takes the 
same form as the schroedinger equation 
for coupled oscillators.  We can then 
smuggle in the physics of coupled 
oscillators to Feynman’s oscillator.







Let us go back to Feynman!











Lorentz-covariant 
Picture of Feynman’s 

Parton Model



Time Dilation



Quarks and Partons



Parton Distribution Function, after 

removing Valon effects



Paul Hussar (1982, 1992)

• Paul Hussar was my PhD student at the University 

of Maryland.,  In 1992, he wrote a review article 

and presented an improved picture.

• http://ysfine.com/articles/hussar92.pdf

• We have to do some more work.  R. Hwa’s valon

model is too simple.  I came to this conference to 

find a new wisdom.



Since Einstein’s energy-momentum 

relation (1905)



Quark Model and 

Parton Model are 

two different 

manisfestations

of one 

Lorentz-covariant 

Entity. 



You have 
to register 

your house 

ownership 
with the 

Authority



Conclusion

• Quantum mechanics and special relativity are two most 
important physical theories formulated during the past 
century.  As far as we can see, both are right within their 
regions of applicability.  

However, they cannot be complete theory unless they 
are consistent with each other.

We have to solve this problem before inventing a  
new quantum mechanics. There are too many people 
these days who claim to have invented new quantum 
mechanics.  I don’t like them.



Feynman was a Kantianist, as 

Einstein was!

The adventure of our

science of physics is a

perpetual attempt to

recognize that the

different aspects of

nature are really different

aspects of the same thing. 






