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Caro Giovanni

On September 15 and 16, 2022 we plan to celebrate Paolo Nason's 
career in
Physics with an in-person conference in his honour, to be held at 
the
University of Milano-Bicocca, with title:

A Life in Phenomenology: a conference in honour of Paolo Nason

We would like to invite you to give a talk with the title and the 
subject
that you prefer, maybe also taking into consideration the 
peculiarity
of the event. Since you have known Paolo for a long time, it would 
be nice
if you could include some funny anecdotes about him.

*** Facci un po' ridere!!  ***

The exact schedule will be formed on the basis of people who can 
attend
and give a talk, most certainly starting in the early afternoon of
Thursday September 15, and ending in the early afternoon of Friday 
16.

As far as traveling during the pandemic is concerned, of course we 
will
reassess the feasibility of an in-person event when the date 
approaches.
Nevertheless, over the past two years, the covid situation in Italy 
in
September has been very good and travel throughout Europe was 
allowed.
We are therefore confident that the same will happen this year, also 
in
consideration of the high vaccination rate in Italy. In addition, 
the
weather is typically nice in September, and you can enjoy some 
outside
activities too.

Please let us know if you plan to attend and, if that's the case,
if you are available to give a seminar in Paolo's honour.
If you have any question, don't hesitate to let us know.

We would be grateful if you could confirm your availability at your
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We present a calculation of the corrections of order a s for Z pair production in hadronic 
collisions. We give analytic formulae for the differential parton cross sections. For the total 
parton cross sections we provide quite accurate fits to the numerically integrated results, which 
can be easily used for phenomenological applications. We also present a few phenomenological 
results for the total cross section at energies of interest. We find that the corrections are positive 
in all the cases that we have considered, and are of the order of 20% to 30% of the total. 

1. Introduction 

Electroweak vector boson pair production is an issue of primary importance for 
physics at future high-energy hadron colliders. In fact, cross sections for the 
processes 

pp --) WW, WZ, ZZ + X, (1.1) 

arising in lowest order from the subprocesses 

q~ ~ WW, WZ, ZZ,  (1.2) 

become quite sizeable at LHC (yes -= 16 TeV) and SSC (¢s-= 40 TeV) energies. 
Thus, the detailed study of the reactions (1.1) can provide by itself a test of the 
predictions of the standard model, and expose possible deviations from them. On 
the other hand, the standard vector boson pair production is a major background 
for new physics signals. 
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We present a calculation of the fully exclusive parton cross sections for heavy-quark
productionat order0 (cs~)in QCD. Ourresult includes the Born cross section for producing
a QQ pair, of order0 (ci), the virtual corrections to the Born cross section, oforder 0 (cs~),
and the cross section for producing a QQ pair plus a light parton, of order O(c~).We
can therefore compute distributions in which correlations among the heavy quarks (and, if
present, the associatedjet) are correctly taken into account up to order O(c~).We present
some applications of phenomenological interest to top, bottom and charm production at
hadron colliders.

1. Introduction

The process of heavy-quark production in hadronic collisions can be calcu-
lated in perturbative QCD according to the standard factorization formula

daHH2 = ~fdxldx2d~jj(xlPl,x2P2,kl,k2,m,~)f~(xl,iz)fjH2(x2,,L),
“1 (1.1)

where k1,2 are the momenta of the quark and antiquark, f,HI ,H2 are the
structure functions for the ith parton in the incoming hadrons H1, H2, with
momenta F1,F2, dã1~is the parton short-distance cross section, m is the mass
of the heavy quark, and j~is the subtraction scale for ultraviolet and collinear

0550-32l3/92/$05.OO © 1992 — Elsevier Science Publishers B.V. All rights reserved
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Abstract. The divergent large-order behaviour of the per- 
turbative series relevant for the determination of C~s from 
z decay is controlled by the leading ultraviolet (UV) renor- 
malon. Even in the absence of the first infrared (IR) renor- 
malon, an ambiguity of order A2/m~ is introduced. We 
make a quantitative study of the practical implications of 
this ambiguity. We discuss the magnitude of UV renor- 
malon corrections obtained in the large-N s limit, which, 
although unrealistic, is nevertheless interesting to some 
extent. We then study a number of improved approxi- 
mants for the perturbative series, based on a change of 
variable in the Borel representation, such as to displace 
the leading UV renormalon singularity at a larger dis- 
tance from the origin than the first IR renormalon. The 
spread of the resulting values of C~s(m~) obtained by differ- 
ent approximants, at different renormalization scales, is 
exhibited as a measure of the underlying ambiguities. 
Finally, on the basis of mathematical models, we discuss 
the prospects of an actual improvement, given the signs 
and magnitudes of the computed coefficients, the size of 
es(m~) and what is known of the asymptotic properties of 
the series. Our conclusion is that a realistic estimate of the 
theoretical error cannot go below 6r +_ 0.060, or 
&~s(m 2) ~ +_ 0.006. 

1 Introduction 

The possibility of measuring C~s from z-decay has been 
extensively studied in a series of interesting papers, in 
particular by Braaten, Narison and Pich [1-4]. The rel- 
evant quantity is R~ = F(z ~ v~ + hadrons)/F(z ~ v~ + 
Iv), with I = e,/~. At present 1,5] the ALEPH collaboration 
finds 

(Rz)ex p = 3.645 ___ 0.024. (1.1) 
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Based on this result, it is argued, if the formalism of QCD 
sum rules is assumed, according to SVZ I-6], that 

C~s(m~) = 0.355 _ 0.021 (1.2) 

and finally 

C~s(maz) = 0.121 + 0.0016 (exp) + 0.0018(th) 

= 0.121 _+ 0.0024. (1.3) 

Given that m~ is so small, this determination of ~s(m2z) 
appears 1,7 10] a bit too precise! 

In defence of this method [11] one can certainly point 
out that R~ has several combined advantages. Dropping 
some inessential complications, Re is an integral in s of 
a spectral function R(s) which is the analogue of Re+e-(S) 
but for the case of charged weak currents. Thus, first, R~ is 
even more inclusive than R e+e- (S) and one expects that the 
asymptotic regime is more precocious for more inclusive 
quantities. Second, one can use analyticity in order to 
transform the relevant integral into an integral over the 

2 circle Isl : rn~ [4]. This not only gives some confidence 
that the appropriate scale of energy for the evaluation of 
R~ is of order rn~, but also shows that the integration over 
the low-energy domain helps very much in smearing out 
the complicated behaviour in the resonance region. Also 
important is the presence of a phase-space factor that kills 
the sensitivity of the spectral function near Re s - - m  2, 
where there is a gap of validity of the asymptotic approxi- 
mations due to the vicinity of the cut singularities and also 
to the nearby charm threshold. On the circle Isl : r a f t ,  

asymptotic formulae should be approximately valid for 
the correlator. The perturbative component of R(s) is 
known up to terms of order C~s(m2) 3 1-12]. One can hope to 
get some control of the non-perturbative corrections by 
using the operator product expansion and some estimate 
(either experimental or by some model) of the dominant 
condensates, in the spirit of the QCD sum rules I-6]. 

This series of virtues of R~ is indeed real but would not 
be sufficient in itself to justify the precision on 7s(m 2) 
which is claimed. The real point is that no corrections of 
order 1/m 2 are assumed to exist. The fact that there is no 
operator with the corresponding dimension in the short 





Nordita 1996



PhD lectures on the Standard Model and QCD in

Milano and Genova

∼ 1993 – 1998



J
H
E
P
0
8
(
2
0
0
6
)
0
7
7

Published by Institute of Physics Publishing for SISSA

Received: July 4, 2006

Revised: August 1, 2006

Accepted: August 3, 2006

Published: August 30, 2006

A positive-weight next-to-leading-order Monte Carlo

for Z pair hadroproduction

Paolo Nason

INFN, Sezione di Milano Bicocca
Italy
E-mail: Paolo.Nason@mib.infn.it

Giovanni Ridolfi

Dipartimento di Fisica, Università di Genova, and
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Abstract: We present a first application of a previously published method for the com-

putation of QCD processes that is accurate at next-to-leading order, and that can be

interfaced consistently to standard shower Monte Carlo programs. We have considered Z

pair production in hadron-hadron collisions, a process whose complexity is sufficient to test

the general applicability of the method. We have interfaced our result to the HERWIG

and PYTHIA shower Monte Carlo programs. Previous work on next-to-leading order cor-

rections in a shower Monte Carlo (the MC@NLO program) may involve the generation of

events with negative weights, that are avoided with the present method. We have compared

our results with those obtained with MC@NLO, and found remarkable consistency. Our

method can also be used as a standalone, alternative implementation of QCD corrections,

with the advantage of positivity, improved convergence, and next-to-leading logarithmic

accuracy in the region of small transverse momentum of the radiated parton.

Keywords: Hadronic Colliders, QCD, NLO Computations.
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Abstract: We present a next-to-leading order calculation of heavy flavour production in

hadronic collisions that can be interfaced to shower Monte Carlo programs. The calculation

is performed in the context of the POWHEG method [1]. It is suitable for the computation

of charm, bottom and top hadroproduction. In the case of top production, spin correlations

in the decay products are taken into account.

Keywords: Hadronic Colliders, QCD, NLO Computations.
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Many thanks, Paolo! 

You played a key role in LHC physics

 and  in the Higgs boson discovery.


I just mention here a very hard period 

  in summer 2011 where without you we could

 not have reached confidence in the HZZ4l

  analysis.

I got to know you first (~30 years go)  

via your jokes –  Giovanni’s emails – 

and then in CMS and the LHCHXSWG!



Antonio Salieri (Murray Abraham) from Amadeus, M. Forman,

1984



“I still say to myself when I am depressed, and find myself forced

to listen to pompous and tiresome people, ’Well, I have done one

thing you could never have done, and that is to have collaborated

with both Littlewood and Ramanujan on something like equal

terms.” — G.H. Hardy, A Mathematician’s Apology

Ancor oggi nei momenti di depressione, quando sono costretto ad ascoltare della

gente pedante e presuntuosa, mi dico: ”Beh, io ho fatto qualcosa che voi non

sareste mai stati capaci di fare: ho collaborato con Littlewood e Ramanujan, su un

piano quasi di parità”.



Dick Carter



To have such a friend, one must have luck in life. – R. Carter



Grazie Paolo!


