
TESTING !!!!

Testing 
... ...
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The November 74 
Revolution and

thereabouts



How do 
Quarks
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Pointlike(?) 

Partons
Bjorken’s
Scaling



QCD’s Asymptotic Freedom



God Went to Princeton



The Dilemma 
of Attribution 

David Politzer’s 
Nobel Lecture 



Golda Meir:
Don't be humble... 
you're not that great. 

Witness account : 
Frequent reference 

to work by ADR et al.

unlike 
“et al.”

“I never travel without my diary. One 
should always have something sensational 
to read in the train.” (Oscar Wilde) 

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  
Asymptotic  Freedom 

(Theory)

First two papers on  
Asymptotic  Freedom 

(Phenomenology)
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QCD αs(Mz) = 0.1181 ± 0.0013

pp –> jets
e.w. precision fits (NNLO)  
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Only fundamental constant 
first measured by a theorist 

⇤QCD



If you would 
like your work 
to be ignored

  BE  A
PHENOMENOLOGIST



NOVEMBER 1974

Aubert et al. 
BNL, Nov 12, JAugustin et al. 

SLAC, Nov 13,  

#�0s ?
#�0s ?



Quarks, families,
SU(3)xSU(2)xU(1)
gauge theory…

1974: Not STANDARD

A non-contageous
tropical disease SS

Considered by over-
whelming majority:



Phys. Rev. Lett.                                                                    
34, many, (1975)  

        Published 
     6 January 1975

FEVERISH REACTION

ALL UN-REFEREED !!



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 Rújula and S. L. Glashow

Possible Interactions of the J Particle

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

P 
R 
L

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

e+e�
N 
C 
L

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


DO  NOT  BE 
PHENOMENOLOGISTS

C.&M.: If you would 
like to have your 

work fully recognized



750???
A weak lower limit 
on the # of papers 
on the 750-GeV 

Di-photon

{ {



CHARMONIUM (name): 
A VERY DISCREET CHARM

ONLY 3 GROUPS BET 
 FOR THE CORRECT INTERPRETATION 



Harvard’s papers on charmonium

<= One full 
   week after

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



Sleep
-Less
Night 0

M(D⇤) 3%
“CHROMOHYPERFINE 

SPLITTINGS”

⌥



Charmonium
~

Positronium



Expe - 
riment 

Eichten 
Gottfried 
Kinoshita 

Kogut 
Lane, Yan

Appelquist
ADR

Glashow
Politzer



This was an example  
why not be: no 

reference to theorists 
who suggested the 

search of charmonia

Be a phenomenologist ???



DGG 1975: ADR,  
Georgi, Glashow

Constituent 
Quarks 
+ QCD 

“Hyperfine”

De Grand, Jaffe, 
Johnson, Kiskis, 1975



Post-dictions for
ground-state

mesons & baryons
made of u,d,s  OK

Of Course



7 % 
WRONG

3 % 
WRONG

(cqq) 
???

Charmed
Pre-dictions

OK



Brookhaven Bubble Chamber, 1975



⌫µ p ! µ� ⌃++
c [uuc]

⇤[uds] ! ⇡�[dū] p[uud]

⌃++
c ! ⇡+ ⇤+

c [udc]

⇤+
c ! ⇡+ ⇡+ ⇡� ⇤0



Nick Samios et al., 1975



This was an 
exceptional 

counter- example

Do not be a pheno-
menologist ???
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P. Perez-Rubio, S. Collins and G. S. Bali, Phys. Rev. D92 034504 (2015)

!? !?

DGG: Common Uncertainty: ± 50 MeV



The  
WEINBERG  
OPERATOR

Peter M. is in the audience



Joe Incandela. CMS Higgs discovery talk
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Atlas?



Observables
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



ADR, Lykken, Pierini, Rogan and Spiropulu 

QM entanglement 4l, M(H) < 2 M(Z)

Gioconda? Hamlet?
Who are the authors?

Joe Incandela. CMS Higgs discovery talk



From below
to right at
5�

A matter of some… 
SIGNIFICANCE

Atlas?CMS



If you would 
like to have your 
work recognized

DO  NOT  BE  A
PHENOMENOLOGIST



IT TOOK ASYMPTOTIC FREEDOM & A
FOURTH (CHARMED) QUARK TO HAVE

THE SM BECOME THE STANDARD LORE

EVEN THE MOST
FORMAL THEORIST

AND THE MOST
CABLE-CONNECTING

EXPERIMENTALIST
UNDERSTANDS (pe), (e+ e�)

(c c̄)
(c ū)



WHO  
INVENTED  
QUARKS ?



⇡+ = [u d̄ ]p = [uu d]

WHO INVENTED 
QUARKS ?

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

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

BUT



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. Serber & R.B. Crease. Peace & War:  
Reminiscences of a Life on the Frontiers of  
Science,  Columbia Univ. Press (1998) page 199 

😳😳😳😳
😳




