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Standard Model Cross Sections

P. Nason, convener

INFN, Gruppo Collegato di Parma

The working group on Standard Processes at the LHC was originally assigned the
task of studying the cross sections for various standard processes of interest at the
LHC. Two additional tasks were also assigned to this group: the measurement of
the total and elastic cross section, and the study of the possibility for doing neutrino
physics at the LHC. The group was therefore subdivided into a Total and Elastic
cross section group, a Neutrino Physics group, and a Hard Processes group. The
Hard Processes group was further subdivided into five subgroups, dealing with the
structure functions, the physics of the intermediate vector bosons, the physics of
direct photons, jets, and heavy quark production.

By its own nature, the group had to deal with all topics which where not con-
sidered central enough to require a single, dedicated working group, like the Higgs
and Top searches, but on the other hand are very important in order to under-
stand and model the physics at the LHC. Most of our work was the compilation of
cross sections for everyday physics processes, with a considerable effort in trying to
understand to what extent our present knowledge can be extrapolated to supercol-
lider energies. Some processes that have impact on other areas of LHC physics have
received particular attention. The 4y process, because of its importance as a back-
ground to an intermediate mass Higgs, was considered in detail. The cross sections
for b and ¢ production, which have an impact on the possibility of doing b physics
and neutrino physics at the LHC, were also fully discussed, with much emphasis on
the large amount of uncertainty that we have in their calculation. Some results of
the working group are quite exciting, and stand by themselves as interesting physics
topics. The limits on parton compositeness, arising both from jet and direct photon
cross sections have considerable value, and certainly will be done at the LHC. A
particularly interesting topic which was considered is the possibility of testing for
anomalous couplings in the WWZ and WW« sectors, via WZ and W+ detection.
Both these topics have been fully discussed from an experimental point of view,
at least at the level which is possible without a specific detector design. For the
case of the W process, the study of 4 detection performed in the section on direct

photons was quite essential.

We have tried to clarify in which areas our knowledge is sound, and in which
areas improvement is needed. We hope therefore that the work done in this study

group will be a useful starting point for future studies.

Summary of the studies

Total and Elastic Cross Sections.

Conveners: A. Martin and G. Matthiae
Theorists: C. Bourrely, P. Gauron, E. Leader,
J. Soffer and T. T. Wu;

Machine experts: B. Jeanneret and W. Scandale;

Experimentalists: G. Bellettini, D. Bernard, J. Bourotte, M. Bozzo, T. Camporesi,
R. Castaldi, C. Da Via, R. De Salvo, M Haguenauer, R. M. Mondardini, G. San-
guinetti, J. Timmermans, G. Tonelli, O. Ullaland and S. Zucchelli.

A. Martin, B. Nicolescu, E. Predazzi,

List of contributions:

e C. Da Via, R. De Salvo, M. R. Mondardini and J. Orear,
A new detector for small-p, physics at LHC/SSC energies.

e D. Bernard,
A fast and precise scintillating fiber tracking detector.

e G. Matthiae,
Total and elastic cross section: the experimental method.

e E. Leader,
Elastic scattering at the LHC: a chellenge to theory and experiment.

Neutrino Physics

Convener: K. Winter;

Theorists: A. De Rujula and A. B. Kaidalov;

Experimentalists: L. Camilleri, A. Capone, U. Dore, A. Ereditato, E. Fernandez, J.
Gomez, P. F. Loverre, V. Palladino, F. Pietropaolo, L. Rolandi, R. Santacesaria, S.
Schlenstedt and F. Vannucci.

List of contributions:

o K. Winter,
Detection of the tau-neutrino at the LHC.

Theorists: P. Aurenche, M. Fontannaz, J. P. Guillet, H. Kuijf, T. Matsuura, B. Mele,
L. Trentadue and D. Zeppenfeld;

Experimentalists: M. Bonesini, L. Camilleri, T. Cox, M. Kienzle-Focacci, P. Lu-

brano, M. Nessi, F. Nessi-Tedaldi, F. Pastore, M. Pepe, H. Plothow-Besch, M.
Werlen and D. Wood.

List of contributions:

e Jets at the Large Hadron Collider.
P. T. Cox, J. P. Guillet, P. Lubrano, M. Nessi and F. Nessi-Tedaldi.
Cross sections for jet production, limits on parton compositeness and multi-
jets.

¢ Production of direct photon at LHC and SSC.
P. Aurenche, M. Bonesini, L. Camilleri, P. Chiappetta, M. Fontannaz, J. P.
Guillet, M. N. Kienzle-Focacci, M. Werlen.
Cross section for production of photon, with and without isolation cuts. Prob-
ing the gluon structure function at small values of x. Detailed discussion of
photon detectability and backgrounds to the photon signal.

¢ v production at LHC: a NLO order study of the "irreducible” background
to H® — 7.

P. Aurenche, M. Bonesini, L. Camilleri, M. Fontannaz and M. Werlen.
Study of experimental cuts needed for separating the intermediate Higgs signal
from the vy background.

¢ |Parton luminosities, W and Z cross sections and gauge boson pair production.
H. Kuif, G. Martinelli, T. Matsuura, B. Mele, P. Nason, F. Pastore, M. Pepe,

H. Plothow-Besch, L. Trentadue, D. Wood, D. Zeppenfeld.

Parton densities, W and Z cross sections and differential distributions, Drell-
Yan pair production, Gauge boson pair production. Possibility of detecting
deviations from the standard model three-vector-bosons couplings via W2
and W+ production processes.

QCD corrections to Z pair production at the LHC.
B. Mele, P. Nason and G. Ridolfi.

Resultso(ancwcnlcuhhonofstrongndmuvemcctmstoZpurproduc-

Heavy quark production at the LHC.
J. P. Guillet, P. Nason, H. Plothow-Besch.
d daft or th pduction of top, bottom and

charmed hadron. Bottom and charm multiplicity in high p; jets. Production 5
of heavy quark at high p,: the fragmentation function of the b quark.



Mele, Nason, Ridolfi, QCD radiative corrections to Z boson pair production in hadronic collisions, https://inspirehep.net/literature/302613

e Emphasis on exclusive representation of HO corrections,

B. Mele et al. / Z-boson pair production leads directly to parton-level event generator
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Fig. 9. Same as in fig. 8, for \/.; = 16 TeV.
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30 vyrs later: ZZ at LHC
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First NLO predictions for tt production at LHC
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Event Generators for LHC

Table 2: Non-standard model physics processes included in the event gen-
erators studied. See text for program notation. In addition to notation for
Table 1, ‘V” stands for W’ or Z’, ‘R’ for a horizontal boson, and ‘L’ for

Table 1: Standard model physics processes included in the event generators

F. Anselmo!. P.T. Cox2. J.R. Cudell®. M. Della Negra3 studied. See text for program notation. ‘ f’ stands for fermion, ‘V’ for W or
. o', P.T. , J.R. , M. A

Z, and ‘Q’ for heavy quark. heavy lepton.
. . . . l .. l . 3
A. Di Ciaccio®, O. Di Rosa', B. van Eijk, D. Froidevaux®, Process ISAJET | PYTHIA | other | PAPA- | other Process ISAJET | PYTHIA [ other | PAPA- | other
W.T. Giele®, R. Kleiss®, P. Lubrano®, R. Odorico?, PS |GENO| ME PS | GENO | ME
H. Plothow-Besch?, G. Polesello®, T. Sjostrand®, G. Unal” QCD Non-standard Higgs particles
QCD jets . . . * E, NJ q7 — H* . . .
94,99 — tt . . . . E gb— H™t - ° )
gb — q't - . H - 7" /Z2* - H*H~ - . -
minimum bias . . . - E t— H*b . ° .
diffractive . . - HY - fT - ° -
elastic - . -
Supersymmetry
st ol i 93,99 — 4@ . - e |UA, BT
929 = 97,99 — 97 . . H . 99,99 — 337 . - e | UA,BT
9 -7y . . . 99 — 49 . - e |UA,BT
99— 77 : . : i~ 3V . : - | va
W/Z production 99 = 4V " 3 - UA
/Zp §,3,V decays : . e |UA,BT
qq —V . . . . LD
99,97 — V(q, 9) P S H 5 LD New Gauge Groups
a7 — VV, V7 . o . | Bz, BH AV ) . )
99,99 — VV(q,9) - - - | VV,BH VV - Vv . - "
99 = VV,Vy - - - GG V' = ff ; o :
qq— Vv - . - Vi VvV . . .
99 = Z2QQ - . . LD ¢ = R— ¢"§" - . .
Standard model H® (my < 800 GeV) Fourth Generation
qq — H° . . . 99,99 — QQ . .
g9 — H° . . H . GG V/V' - QQ,LL . o i
VV < H° . . H . BG ¢ — ¢"Q . o ;
97 — VH® - . . :
- Other Topics
99,99,97 - H(q,9) | - . - HV p'°
H° - VV . . H BG, HV contact interactions . . .
H° - vey* . . H - axigluons - . .
H® < ff . . H - leptoquarks . . - E
H® < gg . . - strongly interacting V - . -
HO — ~y . ° H .
0 0 i
it - * 2.1.1 QCD
0
Standard model H” (my 2 700 GeV) Exact Born term cross-sections, for up to five jets in the final state, are available
VV - VV . . H - BG in the NJETS program of Kuijf and Berends (‘NJ’ of Table 1), see [9], which
g9 — VV - - - GG is the most advanced in this category. This program also contains approximate

expressions for up to eight jets.



Few years went by, covering Paolo’s staff position at CERN, mostly focused, among many other
things, on precision QCD physics at LEP, on heavy quark and top production at the Tevatron, ...
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Focus on LHC returned in 1999, as LEP2 was wrapping up and planning for LHC physics

readiness started building up ...

1999 CERN Workshop on Standard Model
Physics (and more) at the LHC
, “Bottom production” WG convener

BOTTOM PRODUCTION

Convenors: P. Nason, G. Ridolfi, O. Schneider G .F. Tartarelli and P. Vikas

Contributing authors: J. Baines, S.P. Baranov, P. Bartalini, A. Bay, E. Bouhova, M. Cacciari,

A. Caner, Y. Coadou, G. Corti, J. Damet, R. Dell’Orso, J.R.T. De Mello Neto, J.L. Domenech,

V. Drollinger, P. Eerola, N. Ellis, B. Epp, S. Frixione, S. Gadomski, 1. Gavrilenko, S. Gennai, S. George,
V.M. Ghete, L. Guy, Y. Hasegawa, P. Iengo, A. Jacholkowska, R. Jones, A. Kharchilava, E. Kneringer,
P. Koppenburg, H. Korsmo, M. Krdmer, N. Labanca, M. Lehto, F. Maltoni, M.L. Mangano, S. Mele,
AM. Nairz, T. Nakada, N. Nikitin, A. Nisati, E. Norrbin, F. Palla, F. Rizatdinova, S. Robins,

D. Rousseau, M.A. Sanchis-Lozano, M. Shapiro, P. Sherwood, L. Smirnova, M. Smizanska,

A. Starodumov, N. Stepanov, R. Vogt

. Beauty Decays Group:
OCD Group: Top Group: 5 g ’ Y P
. Ba
S. Catani M. Beneke R. Fleischer
M. Dittmaier I. Efthymiopoulos G. Tartarelli
D. Soper M. Mangano P. Vikas
J. Stirling J. Womersley G. Wilkinson

S. Tapprogge

Electroweak Group:

Beauty Production
Group:

S. Haywood

P. Hobson P. Nason

W. Hollik G. Ridolfi

Z.. Kunszt O. Schneider

G. Tartarelli
P. Vikas

CERN 2000-004
9 May 2000

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE
CERN EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

PROCEEDINGS OF THE WORKSHOP ON
STANDARD MODEL PHYSICS (AND MORE) AT THE LHC

Editors:
G. Altarelli, M.L. Mangano

GENEVA
2000
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20 yrs later

CMS, https://arxiv.org/abs/2107.01476
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M. Cacciari, S. Frixione, N. Houdeau, M.L. Mangano, P. Nason and G. Ridolfi,
Theoretical predictions for charm and bottom production at the LHC, [1205.6344]
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LHCb, https://arxiv.org/abs/1902.06794
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INFN Workshop on Monte Carlo’s, Physics and
Simulations at the LHC , LNF, Febr - Oct 2006.
Organizer and Proceedings editor, https://arxiv.org/
pdf/0902.0293.pdf

Preface

These proceedings collect the presentations given at the first three meetings of the “Work-
shop on Monte Carlo’s, Physics and Simulations at the LHC”, held on February 27-28,
May 22-24 and October 23-25 2006 in Frascati (Italy). The purpose of the workshop,
sponsored by the INFN, was to bring together all the complementary Italian scientific
communities interested into high py physics at the LHC. The workshop was thus attended
by LHC experimental physicists, theoretical physicists dedicated to the calculation of ma-
trix elements for collider processes and to the implementation of Monte Carlo programs,
and theoretical physicists interested into model building and physics beyond the Standard
Model. Theoretical Standard Model prediction, as well as physics signals from new mod-
els, are made available to the experimental community as Monte Carlo generators, that
thus constitute the meeting points of the three communities mentioned above. The aim
of the workshop was essentially to start to talk to each other, and to begin to understand
the methods, the problems, and the language of the complementary communities.

Many of the presentations held at the first three workshop meetings were basic intro-
ductions to important theoretical and experimental topics relevant to LHC physics, and
the speakers were requested to use a language suitable for people with no expertise in
their field. The collection of these presentations constitutes thus an introduction to a few
basic aspects of high pr LHC physics. It was decided to put them in the form of proceed-
ings, maintaining the requirements of a language suitable for the complementary physics
communities. In order to achieve this goal, the contributions were refereed internally, and
have gone through several revisions. The second part of these proceedings collects more
specialised presentations held at the workshop.

Although the very ambitious plan for these proceedings was not totally fulfilled (for
instance, a few chapters were never completed), we feel that, at least for some of the chap-
ters, we have met our goal. In particular, the first chapter constitute a very condensed
presentation of the basics about LHC high py physics, that can be used as a first intro-
ductory reading for the subject. The last chapter summarizes the basic features of the
most important component of the ATLAS and CMS experiments, written in a way that
should be easily understandable also by theorists. Many chapters of these proceeding
can be used for an introductory class on LHC high p7 physics for graduate students in
experimental and theoretical physics.

Although LHC physics is evolving rapidly, we believe that the basic argument treated
in this volume will remain valid for an introduction, and that this effort will remain useful
for the years to come.

Paolo Nason

Workshop’s Organizing Committee:

V. Del Duca, B. Mele, P. Nason, G. Polesello (ATLAS), R. Tenchini (CMS).
Workshop’s Conveners:

Shower Monte Carlo: S. Frizione, L. Fané (CMS) S. Rolli (ATLAS);

Exact calculations at fixed order: F. Piccinini, P. Azzi (CMS);

SM and BSM Physics at LHC: B. Mele, M. Cobal (ATLAS), F. Fabbri (CMS);
Experimental Studies: F. Tartarelli (ATLAS), C. Mariotti, E. Migliore (CMS).
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2003-2004: POWHEG enters the scene

literature

Literature Seminars Conferences

25results | [= citeall

Most Recent

Citation Summary

Exclude self-citations ?

Citeable ® Published ®
Papers 25 21
Citations 12,749 12,631
h-index ®? 22 19
Citations/paper (avg) 510 601.5
Papers — Citeable — Published
6
5
4
3
2
| -
0
10-49 50-99 100-249 250-499 500+
Citations




LHC TOP WG meeting

28 May 2019, 09:00 — 29 May 2019, 13:00 Europe/Zurich

@ 4/3-006 - TH Conference Room (CERN)

au Martijn Mulders (CERN) , Michelangelo Mangano (CERN), Reinhard Schwienhorst (Michigan State University (US))

A discussion of precision top quark mass extraction ® 25m

Speaker: Paolo Nason (Universita & INFN, Milano-Bicocca (IT))

TOPWG-19-5-2019....

Renormalons and the Top Quark Mass Measurement

Paolo Nason (INFN, Milan Bicocca and Milan Bicocca U.) (Jan 15, 2019)
Contribution to: TOP2018 « e-Print: 1901.04737 [hep-ph]

pdf [ cite %) 3 citations

N

All-orders behaviour and renormalons in top-mass observables

Silvia Ferrario Ravasio (Milan Bicocca U. and INFN, Milan Bicocca), Paolo Nason (CERN and INFN, Milan Bicocca), Carlo Oleari (INFN,
Milan Bicocca and Milan Bicocca U.) (Oct 25, 2018)

Published in: JHEP 01 (2019) 203 « e-Print: 1810.10931 [hep-ph]

pdf & DOI [= cite %) 24 citations

A theoretical study of top-mass measurements at the LHC using NLO+PS generators of increasing

accuracy

Silvia Ferrario Ravasio (INFN, Milan Bicocca and Milan Bicocca U.), Tomas JeZo (Zurich U.), Paolo Nason (CERN and INFN, Milan
Bicocca), Carlo Oleari (INFN, Milan Bicocca and Milan Bicocca U.) (Jan 11, 2018)

Published in: Eur.Phys.J.C 78 (2018) 6, 458, Eur.Phys.J.C 79 (2019) 10, 859 (addendum) « e-Print: 1906.09166 [hep-ph],
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ABSTRACT: This paper presents a new event generator, ALPGEN, dedicated to the study
of multiparton hard processes in hadronic collisions. The code performs, at the leading
order in QCD and EW interactions, the calculation of the exact matrix elements for a large
set of parton-level processes of interest in the study of the Tevatron and LHC data. The
current version of the code describes the following final states: (W — ff)QQ + N jets (Q
being a heavy quark, and f = /,q), with N < 4; (Z/v* — ff)QQ + N jets (f = L, v),
with N < 4; (W — ff') + charm + N jets (f = £,q, N < 5); (W — ff) + N jets
(f = 4,q) and (Z/y* — ff) + N jets (f = £,v), with N < 6; nW +mZ + [H + N jets,
withn+m 41+ N <8, N <3, including all 2-fermion decay modes of W and Z bosons,
with spin correlations; QQ + N jets, with ¢ — bff’ decays and relative spin correlations
included if Q = ¢, and N < 6; Q@Q’@’ + N jets, with Q and Q" heavy quarks (possibly
equal) and N < 4; HQQ + N jets, with ¢t — bf f’ decays and relative spin correlations
included if Q =t and N < 4; N jets, with N < 6. Parton-level events are generated,
providing full information on their colour and flavour structure, enabling the evolution of
the partons into fully hadronised final states.
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ABSTRACT: The aim of this work is to describe in detail the POWHEG method, first
suggested by one of the authors, for interfacing parton-shower generators with NLO QCD
computations. We describe the method in its full generality, and then specify its features in
two subtraction frameworks for NLO calculations: the Catani-Seymour and the Frixione-
Kunszt-Signer approach. Two examples are discussed in detail in both approaches: the
production of hadrons in eTe™ collisions, and the Drell-Yan vector-boson production in

hadronic collisions.
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