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QCD’s Asymptotic Freedom

Reliable Perturbative Results for Strong Interactions?*

H, David Pohtzer

Jefferson Physical I.abovalovies ambridge, Massachusetts 02138
(Received 3 May 1973)

An cxplicit calculation shows perturbation theory to be arbitrarily good for the deep
Euclidean Green’s functions of any Yang-Mills theory and of many Yang-Mills theories
with fermions., Under the hypothesis that spontaneous symmetry breakdown is of dynami-
cal origin, these symmetric Green’s functions are the asymptotic forms of the physical-
ly significant spontaneously broken solution, whose coupling could be strong.

Ultraviolet Behavior of Non-Abelian Gauge Theories™

David J. GrossT and Frank Wilczek
Joseph Henvy Labovatories wnceton, New Jevsey 08540

(Received 27 April 1973)

It is shown that a wide class of non-Abelian gauge theories have, up to calculable loga-
rithmic corrections, free-field—theory asymptotic behavior. It is suggested that Bjorken

scaling may be obtained from strong-interaction dynamics based on non~Abelian gauge

symmetry.



L!!J iﬁﬂl




The DiLlemama
of Attribution

pavid Politzer’s
Nobel Lectuwre



Witnhess account :
Frequent reference
to work by ADR et al.

“I never travel without my diary. One
should always have something sensational
to read 1n the train.”

Golda Meir: unlike
Don't be humble... ' et al.
you're not that great. right x, t

)



http://www.brainyquote.com/quotes/authors/g/golda_meir.html
http://www.brainyquote.com/quotes/quotes/g/goldameir137228.html
http://www.brainyquote.com/quotes/authors/o/oscar_wilde.html

First two papers on
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First two papers on
Asymptotic Freedom
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v T decays (N3LO)
a DIS jets (NLO)

0 Heavy Quarkonia (NLO)
o e'¢ jets & shapes (res. NNLO)

® c¢.w. precision fits (NNLO)
v pp —> jets (NLO)
v pp — tt (NNLO)
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Quarks, families,
SU(3)xSU(2)xU(1)
gauge theory...
Not STANDARD

A non-contageous
tropical disease
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Are the New Particles Baryon-Antibaryon Nuclei?

Alfred S. Goldhaber and Maurice Goldhaber

Interpretation of a Narrow Resonance in e+ e- Annihilation
Julian Schwinger
Possible Explanation of the New Resonance in e+ e- Annihilation

S. Borchardt, V. S. Mathur, and S. Okubo
Model with Three Charmed Quarks R. Michael Barnett

Heavy Quarks and e+ e- Annihilation Thomas Appelquist and H. David
Politzer

Is Bound Charm Found? A. De Rijula and S. L. Glashow

Possible Interactions of the J Particle

H. T. Nieh, Tai Tsun Wu, and Chen Ning Yang

Is the 3104-MeV Vector Meson the psi - Charm or the W0?
G. Altarelli, N. Cabibbo, R. Petronzio, L.. Maiani, G. Parisi

Charm, EVDM and Narrow Resonances in ¢ ' ¢ Annihilation

Cesario A. Dominguez and Mario Greco


http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.34.36
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.34.37
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.34.38
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.34.41
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.34.43
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.34.46
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.34.49

C.&M.: I you would
l1ke to have your
work reCognized

DO NOT BE
PHENOMENOLOGISTS
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CHARMONIUM (name):
A VERY DISCREET CHARM
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Heavy Quarks and e * ¢~ Annihilation*

Thomas Appelquistt and H. David Politzert
Lyman Laboratory of Physics, Harvard University, Cambridge, Massachusetts 02138
(Received 19 November 1974)

The effects of new, heavy quarks are examined in a colored quark-gluon model. The
e*e” total cross section scales for energies far above any quark mass. However, it is
much greater than the scaling prediction in a domain about the nominal two—heavy-quark

threshold, despite g,.,- being a weak-coupling problem above 2 GeV. We expect spikes
at the low end of this domain and a broad enhancement at the upper end.

Harvard’s papers on charmonium

LuME 34, NUMBER 1 PHYSICAL REVIEW LETTE.RS 6 JANUARY
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Is Bound Charm Found?* <= 0Owne beLL
A. De Rfjula, week a;ftey

Lyman Laboratory of Physics, Harvard University, Cambridge, Massachusetts 021

Cesareo D. & Mario G. = Tom A. & David P.

S. L. Glashowt

Center for Theoretical Physics, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139
(Received 27 November 1974)

We argue that the newly discovered narrow resonance at 3.1 GeV is a 35, bound state
of charmed quarks and we show the consistency of this interpretation with known meson
systematics. The crucial test of this notion is the existence of charmed hadrons near
2 GeV.
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Be a phenomenologist ???
Chis was an example

why not be: no

reference o theorists
who suggested the

search of charmonia




DGG 1975: ADR,
Georgi, Glashow
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Post-dictions for
ground-state

mesons & baryons
made of u,d,s OK

Ot Course
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Brookhaven Bubble Chamber, 1975
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total recoiling hadron mass (A7 "7 7 71 ]| 2426+ 12
MeV, 12

This mass is inagreement with the

values predicted by De Rujula, Georgi, and Gla-
show™® for the lowest-lying charmed-baryon states
of charge +2,]2420 MeV (JFP=2", I=1, Z ¥

Nick Samios et al., 1975

There

are three 7"’s and thus three possible mass dif-
ferences derivable from this event; these are ob-
served to be 166+ 15 MeV, 338+ 12 MeV, and
327+ 12 MeV. The first of these differences is

in remarkable agreement with the 160 MeV pre-
dicted for the decay of a spin-3 charmed baryon
2. decaying into a charmed A_.




Do not be a pheno-
menologist ??7?

This was an

exceptional
counter- example
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Joe Incandela. CMS Higgs discovery talk
Higgs boson production
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calculated to

NNN...LO

Not acknowledged



Joe Incandela. CMS Higgs discovery talk
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The 7 lepton observables are subtly
quantum-mechanically entangled

Background: also (but differently) entangled



M52 | Joe Incandela. CMS Higgs discovery talk
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Gmconda’ Hamlet?

ADR, Lykken, Pierini, Rogan and Splropulu




From below

to right at

CMS 5 O‘ Atlas?

A matter of some...

SIGNIFICANCE




It vou would
[1ke to have vorur

Wwork recognized
L 2 BE A
PHENOMENOLOGIS T



EVEN THE MOST l
FORMAL THEORIST
AND THE MOST (c a)
ed)
EXPERIMENTALIST
UNDERSTANDS (pe), (e"e™)

IT TOOK ASYMPTOTIC FREEDOM & A
FOURTH (CHARMED) QUARK TO HAVE
THE SM BECOME THE STANDARD LORE




WHO
INVENTED
QUARKS ?
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WHO INVENTED
QUARKS ?

BUT André Petermann in Nuclear
Physics [63, 349, (1963)], in French!
received December 30th, 1963

Murray Gell-Mann’s paper received by
Physics Letters on January 4th 1964

George Zweig’s unpublished work is a
CERN preprint dated January 17th 1964




BUT BUT BUT ...

Gell-Mann: These ideas were developed ..
in March 1963; the author would like to thank
Professor Robert Serber for stimulating them.

R.5erher & R.B. Grease. Peace & War:
Reminiscences of a Life on the Frontiers of
science, Golumbia Univ. Press (1998) nage 199







