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Life in the vanguard of science
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Top papers

❖ A different world— 
UK enters the 
common market in 
1973.

❖ I was in Rome from 
1972-1975 and from 
1982-1984.

❖ Guido and I wrote 
papers together 
from 1974-1985.



Bottom Papers?



How I came to be in Rome
❖ “Bird of Passage”, Autobiography of Professor Sir 

Rudolph Peierls, (Professor in Oxford), pg. 318
“Often the problems raised by the students are far removed from the 
scientific ones. Keith Ellis, for example, had made a good start, working 
with Jack Paton on a problem in particle physics and then decided to leave 
after the end of his first year.

He explained that he had spent a vacation in Italy and had become so 
fascinated with Italian life and language that he had the urge to spend time 
there.
It turned out there was no girlfriend behind this as we had first suspected.  
(….)

I got in touch with Italian friends who arranged for him to join a research 
group in Rome. His research scholarship was transferred and his father 
agreed to help him with the higher cost of living. He did complete a good 
thesis there, and when I ran into him afterwards in an American University 
I was told by his professor that he was doing well…." Eduardo Amaldi

Rudolph Peierls



An extraordinary collection of talent in Rome

❖ 1972-1975 a the birth of the standard model

❖ La Sapienza-theorists

❖ Altarelli, Buccella, Cabibbo, Gatto, Maiani, 
Martinelli, Parisi, Petronzio, Preparata,Testa

❖ LNF Frascati, 

❖ Greco, Etim Etim,Panchieri,Srivastava,Touschek



Life before DGLAP

❖ Operator product 
expansion Wilson 
1969.



DIS in asymptotically free theories.
❖ Coefficient functions 

(Moments of the 
structure function) 
satisfy a 
renormalization 
group equation.  



Life before the AP equation

❖ “In spite of the relative simplicity of the final results, 
their derivation, although theoretically rigorous, is 
somewhat abstract and formal, being formulated in the 
language of renormalisation group equations for the 
coefficient functions of the local operators which appear 
in the light cone expansion for the product of two 
currents.” (AP, Nuclear Phys. B)

Georgi Politzer Phys. Rev. D9 (1974) 416 
685

Gross-Wilczek, Phys. Rev. D9 (1974) 980
1131



The Altarelli-Parisi Eqn.



Anatomy of a splitting function
❖ “In our paper a particular 

emphasis was devoted to 
prove that splitting 
functions are a property 
of the theory and do not 
depend on the process.”

❖ Time ordered 
perturbation theory.

❖ Physical gauge



Before 1977

❖ At least to the west of the iron curtain, there was very 
little understanding of the graphs summed up by the 
renormalisation group equation.

❖ Post-AP it was clear that these were ladder diagrams, 
but only in a physical gauge.



Old Fashioned Pert. Theory.
❖ Old-fashioned perturbation 

theory, (obtained by integrating 
over the Energy component of 
normal perturbation theory).

❖ Energy denominators, as in 
Non-relativistic QM.

❖ On-shell particles

❖ Momentum is conserved, but 
energy is not.



Calculating the splitting functions

❖ Helicity conservation 
argument tells you that 
the amplitude vanishes 
as pT->0, (actually as √pT)

❖ Care must be taken that 
the sum is only over the 
transverse gluon states.



Concern about the publication of the AP paper

❖ My recollection was that Guido was concerned about the 
suitability for publication of the AP paper.

❖ After all, at some level it was just an inverse Mellin 
transform of known results.

❖ Hence the focus on the results for G1 which was a 
relatively new and unconfirmed result.



Δ I=1/2 rule
❖ In the decay K->ππ, 450 times more likely to have isospin I=0, rather than I=2.   

❖ Re(A0/A2)≈22.5.

❖ It had been suggested by Ken Wilson that strong interaction effects on weak 
operators could cause this.

❖ With the discovery of asymptotic freedom, one could actually do the calculation

❖ ∆I=1/2 and ∆I=3/2 operators have different fermionic symmetry properties.

❖ In their paper Altarelli and Maiani found a factor 4-6 for the standard model, and 
even larger factors for other models of the weak interactions.

❖ Modern assessment is that perturbative running from the electroweak scale to a few 
GeV, contributes about a factor 2 to this ratio. The remaining factor of about 10 
comes from non-perturbative physics, 1212.1474

M. Gaillard and B. W. Lee, Phys.Rev.Lett., 33, 108 (1974). 
G. Altarelli and L. Maiani, Phys.Lett., B52, 351 (1974) 



Corrections to Drell-Yan
❖ The principle benefit of QCD is 

that it gives a procedure for 
systematically improving the 
predictions using perturbation 
theory.

❖ Altarelli et al. was the first attempt 
to apply this to hadronically 
induced processes.

❖ Two bites at the cherry

Diagrams for NLO prediction



Corrections to Drell- Yan (the K-factor)

❖ Taking the notional value α_s/(2π)=1/20  we 
see that the corrections are not small.

❖ Helpful in accommodating data.

❖ Since in a coloured quark theory a red quark can 
only annihilate with an anti-red quark 
suppression by 3

❖ Feynman-Field recalculation at Caltech.



Drell-Yan type processes (γ*,W,Z)
QCD provides a systematic 

way of improving the 
calculations of  cross sections

by expanding in the small 
coupling

αS.   Corrections are large at O(αS) 
but needed to needed to achieve 

agreement with data. 

(αS2 corrections also known and 
lead to a further modest 

increase.) 

Moral: at least next-to-leading order (NLO) 
corrections are needed.



Chania, Crete 1980
❖ Nonleading QCD Effects for 

Weak Nonleptonic Amplitudes

❖ Understood the subtleties of 
dimensional reduction.

With thanks to Guido Martinelli



“L’orso bianco”

With thanks to Guido Martinelli



Partons in Quantum Chromodynamics

❖ The definitive text for the 
80-90’s on QCD.

❖ As you can see my copy is 
much used (and abused).

❖ Written, for the most part, 
in the library at CERN as 
a visitor.

❖ By an unacknowledged 
author!



The Altarelli cocktail
❖ The calculation of the splitting functions rapidly gave 

rise to shower Monte Carlos

❖ Importantly these give a good description of collinear 
emission, but seriously underestimate events at large pT

❖ Monojet events — the standard model is dead (1984)?

❖ Eventually explained as a “cocktail” of Z+jet events, 
misidentified electron, Z->tau tau events….at St. 
Vincent an early version of this conference.



Language

❖ Almost from the 
beginning we talked in 
Italian.

❖ Royal Society

❖ i poli (polli).

❖ “the normal Evolution 
Equation”

❖ Il senso del gioco



Letters
❖ Estimation of Cabibbo and Letter from Cabibbo

❖ My thesis was supervised by Guido and Luciano Maiani 
“To this last paper also contributed Keith Ellis, a Scottish PhD student of Cabibbo, 
who was to stay with us in Rome for a few years, eventually speaking a very good 
Italian and fully understanding the roman way of living.” GA 1106.3189

❖ I had a very chequered post-doc career (six post-docs!); 
at every stage Guido wrote letters of recommendation 
for me.

❖ So it was a great pleasure to return the favour, in 
supporting his nomination for the Sakurai Prize, 
(although I had the impression that the tail was wagging 
the dog).



❖ Students

❖ Keith Ellis

❖ Guido Martinelli

❖ Barbara Mele

❖ Marco Ciuchini

❖ Roberto Franceschini

❖ Emilio Gabrielli

❖ Sandro Ambrosiano

❖ +many younger collaborators



Roma-La Sapienza

❖ “Triste e’ quel discepolo che 
non superi il suo maestro”

❖ Another reason to be sad that 
Guido is no longer with us.


