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CURRICULUM VITAE

Chiara Brofferio ¢ professore associato presso il Dipartimento di Fisica dell” Universita di Milano
Bicocca dal 1 marzo 2006. E’ titolare del corso di “Rivelatori di radiazioni" e del “Laboratorio di
Misure Nucleari e Subnucleari” per la Laurea Specialistica in Fisica. In passato & stata titolare del
corso di “Introduzione alla Fisica Nucleare” e del corso di “Complementi di Fisica ed Astrofisica
Nuclcare" per la Laurea Triennale in Fisica ed Astronomia, ed & stata responsabile del Laboratorio
di Fisica Generale per la Laurea Triennale in Scienze Ambientali. E' ed ¢ stata relatore di tesi di
Laurea Triennale e Specialistica in Fisica, ¢ stata membro della Commissione Didattica del corso di
laurea (triennale e specialistica) in Fisica nel triennio 2004-2006 ed ¢ membro del Collegio dei
Docenti di Dottorato di Milano-Bicocca dal 1998.

Svolge esperimenti di fisica delle particelle senza acceleratori. basati sull'uso di bolometri, presso la
sezione di Milano-Bicocca dell' INFN e presso i Laboratori Nazionali del Gran Sasso, con
particolare riguardo alla ricerca del Doppio Decadimento Beta. Ha contribuito a portare i bolometri
ad un elevatissimo livello di precisione, realizzando rivelatori per raggi X e per particelle alfa con
risoluzioni energetiche molto piti elevate di quelle ottenibili con rivelatori convenzionali, ¢ a
rcalizzare i pit massivi rivelatori bolometrici di raggi gamma. Le suc competenze professionali
spaziano pertanto dalla tecnologia del vuoto e delle temperature ultra basse alla progettazione,
realizzazione, messa in opera ed ottimizzazione di rivelatori criogenici. Ha inoltre ampie
competenze nel campo della radioattivitd naturale e della tisica del neutrino.

Dal 2004 al 2011 ¢ stata coordinatore della parte di progetto, costruzione ed assemblaggio del
rivelatore per CUORE, un esperimento di nuova generazione per eventi rari, nonché chair dello
Speakers Board dal luglio 2009 a novembre 2011. Da novembre 2011 a maggio 2016 ha ricoperto
prima la carica di Deputy Chair e poi di Chair del Collaboration Council. In questi ruoli ha

anche nei contatti con le Istituzioni finanziatrici e con ditte esterne. E' stata anche Responsabile
Locale di 3 PRIN cofinanziati dal MIUR.

E’ referee di riviste scientifiche internazionali e di progetti scientifici finanziati dall’ INFN, dal
MIUR e dal NSF. E" stata membro del Conseil Scientifique du LPC, Caen (Francia) per il biennio
2006 - 2007 ed ¢ attualmente membro del PAC dei Laboratori Nazionali del Sud dell' INFN. Ha
ricoperto il ruolo di Coordinatore della linea Scientifica 2 dell'INFN per la Sezione di Milano-
Bicocca dal 2009 al 2016.

Ha tenuto relazioni su invito a conferenze internazionali sul Decadimento Doppio Beta e sui
rivelatori a basse temperature ¢ sulle loro applicazioni, ¢ numcrose presentazioni su invito della
propria attivita di ricerca. E’ autrice o co-autrice di circa 200 articoli su rivista scientifica o
proceedings di conferenza.

Prot. Chiara Brofferio






Positiom

1) Research staff member (1984-today)

2) Working groups coordinator

3) Teacher at University (Scientific Computing, 1998-today)

4) Vice President of the Nat. Comm. for Scientific Computing of INFN (2012-
today)

Curriculum

1980 - 1984

Degree in Physics the year 1980, scoring 110/110 with Laude, at the Universita
degli Studi di Milano, with a dissertation concerning the development of an
innovative Pattern Recognition program in the context of a hadro-production
experiment at the Serpukhov Accelerator in the USSR.

Joined the NA1 experiment: | was one of the developers of the first Silicon
Detector ever employed in High Energy Physics experiments, a fully electronic
detector. Results obtained in those years were the first measurements of the Ds
charmed meson and Lambda_c barion lifetime.

Became permanent research staff at INFN beginning of 1984.

1984-1990

I was one the proponents of the E687 experiment for the photo-production of
states containing Heavy Flavor quarks. My role in the experiment was a
substantial contribution in the design, construction, testing and commissioning
of the Micro-Vertex Detector for the discrimination of secondary decay vertices
of charmed states from the production vertex, a characteristic signature of
weakly decaying particles. My personal responsibility in the group was the
development of the Data Acquisition program of that complex detector,
consisting in about 10000 electronic channels. Physics output of E687 consisted
in about 42 publications, all personally signed, plus about 10 publications
concerning detector construction and commissioning. The E687 experiment has
been one of the leaders of the Charm Physics sector in High Energy physics,
collecting the largest available samples of production and decay modes available
at the time. A very significant part of that success could be ascribed to the
excellent time and spatial resolution capabilities of the Microvertex detector, a
very innovative detector in that period.
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At the end of the E687 scientific program, we proposed a significant upgrade of
the detector to improve the data acquisition rate, allowing for a higher intensity
beam. This opened up the possibility of studying both very rare decay modes of
charmed particles and to discover entirely new modes. The upgraded version
was named E831/Focus. I was involved in different projects, ranging from the
detector upgrade, the improvement of the Data Acquisition System, to the
detector calibration strategies and the physics analysis program. The excellent
resolution and efficiency properties of the Microvertex detector can be
highlighted by the fact that Focus has been the first and only experiment ever to



measure the lifetime of all charmed particles, thus helping to establish the
lifetime hierarchy pattern and allow a comparison with theory. In this
experiment I had the responsibility of improving the data acquisition system of
the Microvertex detector with a significant redesign.

Of particular relevance was the role I had in the development of techniques for
the remote control of a High Energy Physics experiment. At the beginning of
1991 the web development began raging like a storm: [ was in the lucky position
of being at FERMILAB, one of the hubs of development of the WWW, and at the
same time in charge of operating the Microvertex Detector with the task of
improving its monitoring system, allowing people to control it from off-site. 1
developed many innovating techniques that brought Focus to be the first
experiment ever to allow almost complete monitoring from a web browser.

For what concerns my physics analysis activity at the time, I was involved in the
Amplitude analysis of the Cabibbo-suppressed decay mode of the Ds meson into
3 charged pions. Interest in this analysis relies on the fact that this decay mode
was considered the most promising channel for the annihilation mechanism,
since the final state contains only u and d quarks while the initial state contains
one strange and one charm quark. The annihilation of these quarks into a W
boson, subsequently decaying into u and d quarks only could be a possible
interpretation but the branching fraction of this decay turns out too big, since the
annihilation mechanism is highly suppressed. The formalism adopted and the
techniques I developed for this complex analysis have allowed me to extract all
the parameters of the complete set of observables that characterize this decay
mode, showing that a possible alternative description of the decay involves the
intermediate creation of s-sbhar resonances (like the f0(980}), which only decays
into u-ubar states. The result of this analysis has therefore shown that the
annihilation mechanism is not necessary to describe this decay and has
highlighted the interesting role of charm physics to enhance the sensitivity for
difficult-to-observe resonances, like the f0(980), which are considered possible
candidates for glue-balls states. The Focus experiment has played a crucial and
leading role throughout the decade in exploring and understanding the charm
sector, with an overall production of over a hundred papers.

2000-2004

Before the end of the Focus program, I became involved in the proposal of an
experiment, named BTeV, meant to the be the first of a new generation of Heavy
Flavor experiments. The basic goal of BTeV was to study the phenomenon of CP
violation in the Bottom quark sector, one of the possible explanations for the
excess of matter over anti-matter in the present Universe. The idea was to
develop an innovative system of processors capable of providing tracking and
even vertex reconstruction information to be employed in the first level trigger.
In order to reach this goal, the system had to be very fast, partly implemented in
custom technology (FPGA) and provided of very fast and efficient reconstruction
code. This experiment was chosen to be the flagship of the Fermilab physics
program for the first decade of the year 2000, but political decisions by the US
Government brought the project to a halt in 2004. I had been involved in many
aspects of the design of the experiment, mostly those concerning the software
architectures of on-line and off-line. I was head of a working group to design the
part of the system concerning the Vertex Detector. The innermost part of the



Vertex detector was composed of layers of pixel detectors, whose first prototype
modules were readily available and needed to be tested for their radiation
resistance. We designed and developed a small scale experiment at the Fermilab
test-beam to characterize these detectors.

2003-2012

I joined the CMS experiment at the LHC, with the goal of deploy and commission
the Pixel-based vertex detector, a technology our group had an outstanding
experience of. [ was in charge of the group that developed the system to manage
the run-time configurations of the whole CMS pixel detector. This detector
features over 66 million electronic components that must be individually
addressed and configured. I developed a system able to handle thousands of such
configurations from a complex web interface, allowing experts to operate the
detector from remote. I was also head of the group that designed and
implemented the software needed for the commissioning of the Forward disks of
the Pixel detector, a rather complex program that was used to grade the
components for their final assembly into disks.

28915-2016

At the end of 2012 [ have been appointed by the President of INFN to the role of
Vice President of the National Commission for Scientific Computing (CCR),
position [ still currently occupy. In that capacity I oversee the activities
concerning the computing needs of INFN and the projects related to software
developments in the context of Scientific Computing. These include initiatives
aimed at the custody of the products of research (articles, papers, technical notes
etc.) and the open access tools to them, whether they are publications, data or
software components. Of particular interest are two efforts: first, the
establishment of the Cloud Computing Development Group, an R&D initiative
that I have spawned in INFN’s CCR in 2014, with the aim of developing suitable
software and hardware platforms to provide users with readily on-demand
resources for distributed scientific computing. Second, the support given to the
OAR project, an Open Access initiative under development at the University of
Catania. This project aims at building a prototype of an Open Access Repository,
project that has already produced a test-bed infrastructure populated with over
15000 papers and articles, included both golden access type papers as well as
articles of grey literature. This project has already developed tools to provide
open access to legacy physics data and to the virtual machines that contain the
tools to operate on them.

At the beginning of 2014 I contributed to the constitution of the HEP Software
Foundations (HSF), an international organization aimed at fostering synergies
among disparate academic and research field for the development of open
software. Also in that context I've been contributing with ideas and various
initiatives to promote Open Access to the products of research.

As of January 2017 I'm a member of the Comitato di Coordinamento per il
Calcolo Scientifico dell'INFN, a committee aimed at steering the policies for
development and deployment of the computing infrastructure needed for the
theoretical and experimental activities of INFN.



Since 1998 I teach Scientific Computing at University Courses: | had been invited
at numerous schools {ex: School on Instrumentation in Particle Physics, hosted
by the ICFA Panel on Instrumentation Innovation and Development)

Ribliometric data

Peer-reviewed publications: 675
Books: 1

Google Scholar: https://scholar.google.it/citations?user=XeasmM8AAAA]&hl=en
Citations: 38907

h-index: 88

i10-index: 300

Web of Science
http://apps.webofknowledge.com.proxy.unimib.it/CitationReport.do?product=
WOS&search_mode=CitationReport&SID=N17CUE59yESQ600Z5KB&page=1&cr
_pqid=2&viewType=summary&colName=WO0S§

Times Cited: 17467

Times Cited without self-citations: 15954
Citing Articles: 9952

Citing Articles without self-citations: 9458
Average Citations per Item: 25.88
h-index: 54



Curriculum Vitae di

MASSIMO GERVASI

Posizione attuale

> Professore Associato presso il Dipartimento di Fisica - Universita di Milano Bicocca, SSD FIS/01, dal
01.10.2005.

Carriera Scientifica

> Laurea in Fisica; Universita La Sapienza — Roma (110/110 e lode, 27.05.1998).

» Dottorato di Ricerca in Astronomia, Universita La Sapienza — Roma (01.11.1990 - 31.10.1993),
conseguito il 20.09.1994.

» Post-Doc al Center for Particle Astrophysics - University of California - Berkeley (01.06.1994 -
31.08.1995).

> Ricercatore presso la Facolta di Scienze M.F.N. / Dipartimento di Fisica - Universita di Milano, SSD
FIS/01 (18.09.1995 - 31.10.1998).

» Ricercatore presso la Facolta di Scienze M.F.N. / Dipartimento di Fisica - Universita di Milano
Bicocca, SSD FIS/01 (01.11.1998 - 30.09.2005).

Incarichi
> Afferenza allINFN (Istituto Nazionale di Fisica Nucleare): incarico di associazione dal 1995, incarico
di ricerca dal 2008.
» Afferenza all'INAF (Istituto Nazionale di AstroFisica), dal 2005.

» Membro dello IAU — International Astronomical Union (Commissione 40, Radio Astronomia), dal
2006.

» Coordinatore del Gruppo di Lavoro tematico "Cosmologia e Fisica Fondamentale" del Comitato
Tecnico Scientifico dell'Agenzia Spaziale Italiana (2007-2008).

> Membro dell’International Advisory Committee di ICATPP — Conference on Astroparticle, Particle,
Space Physics, Detectors for Physics Applications, dal 2010.

» Membro del Comitato per la Ricerca Polare del CNR in qualita di esperto per I’ Astrofisica, dal 2011.

A4

Membro del Comitato Scientifico di ISAPP (International School of AstroParticle Physics) e
referente per |"Universita di Milano Bicocca, dal 2011.

Attivita didattica
» Esercitazioni del corso di Esperimentazioni di Fisica Hl - Corso di Laurea in Fisica - Universita degli
Studi di Milano e Universita degli Studi di Milano-Bicocca (1995-2004).

» Supplenza insegnamento di Astronomia - Corso di Laurea in Fisica - Universita degli Studi di Pavia
(1998-2002).

» Titolare dell'insegnamento di Fisica Generale / Fisica e Laboratorio - Corso di Laurea in Scienze e
Tecnologie Chimiche - Universita di Milano-Bicocca (2005-2010).



> Titolare dell'insegnamento di Laboratorio di Astrofisica / Esperimentazioni di Astrofisica - Corso di
laurea in Fisica, Ill anno - Universita di Milano-Bicocca, dal 2000-01.

» Titolare dell'insegnamento di Raggi Cosmici - Corso di laurea magistrale in Astrofisica e Fisica dello
Spazio - Universita di Milano-Bicocca, dal 2011-12.

> Supervisore di pils di 30 tesi di laurea e 10 tesi di dottorato.

Aree di ricerca

> Studio delle proprieta dei Raggi Cosmici dallo spazio con lo spettrometro ASM sulla Stazione
Spaziale Internazionale; ricerca di segnali di Materia Oscura e Antimateria di origine cosmologica;
studio della propagazione dei Raggi Cosmici nell’Eliosfera e nella Magnetosfera.

> Effetti della radiazione in ambiente spaziale; Space Weather; danno da dislocazione nei dispositivi.

> Studio della Radiazione Cosmica a Microonde: sviluppo di strumentazione; osservazioni da terra e
dallo spazio.

Partecipazione a grandi collaborazioni e responsabilita

> Membro della collaborazione AMS, dal 1996; coordinatore locale del gruppo di Milano Bicocca, dal
2016.

> Co-investigator della collaborazione QUBIC per lo studio della polarizzazione della CMB con
osservazioni da terra (altopiano argentino); membro del Collaboration Board.

» Co-investigator della collaborazione LSPE per lo studio della polarizzazione della CMB con
osservazioni da terra (Tenerife, Isole Canarie) e dallo spazio (pallone stratosferico con volo polare
di lunga durata).

Competenze acquisite

» Esperienza di lavoro in programmi di ricerca internazionali in campo scientifico/tecnologico;
collaborazioni con vari laboratori, istituti di ricerca, universita e agenzie spaziali (NASA, ESA, AS!), e
con partners commerciali e industriali (in microelettronica, tecnologie avanzate e tecnologie
aerospaziali).

» Expertise in: strumentazione a microonde e onde millimetriche; osservazioni sulla CMB;
osservazioni dei Raggi Cosmici; propagazione dei Raggi Cosmici in Eliosfera e Magnetosfera.

> Autore di piu di 80 pubblicazioni su rivista e pil di 120 proceedings di conferenze.

> Reviewer di riviste scientifiche (tra cui: Journal of Cosmology and Astroparticle Physics; Infrared
Physics & Technology; Journal of Instrumentation, Computer Physics Communications).

Milano, 24.03.2017

Wi Soevas

Massimo Gervasi



Name

Curriculum Vitae et Studiorum

Carlo Oleari

Date and place of birth

8 January 1966, Turate (Italy)

Nationality

Italian

Address for correspondence

Dipartimento di Fisica ”G. Occhialini”
Universita di Milano-Bicocea,
Piazza della Scienza, 3

20126 Milano
ITALY

e-mail: carlo.oleari@mib.infn.it

Tel.

0 +39-02-64482530

Fax. : +39-02-64482582

Education and qualifications

1998

1995

1994

Ph.D. in Theoretical Physics, 5 May 1998

Dipartimento di Fisica, Universita degli Studi di Milano.

Title of the thesis: “Next-to-Leading-Order Corrections to the Pro-
duction of Heavy-Flavour Jets in ete™ Collisions”.

Tutor: Dr. Paolo Nason.

State Exam for the Engineering Qualification 1% Session in 1995,
with full marks (100/100).

Degree in Electronic Engineering, 25 July 1994

Politecnico di Milano with full marks (100/100 cum laude).

Title of the thesis: “Positron lifetime spectra: comparative studies
of data analyzing methods”.

Supervisor: Prof. Alfredo Dupasquier (Politecnico di Milano).



Professional experiences

2014-present

2006-2014

2004-2006

2002-2003

2000-2002

1998-2000

1997

From 1/10/2014, “Professore Associato, settore concorsuale 02/A2
- fisica teorica delle interazioni fondamentali” in the Department of
Physics, University of Milano-Bicocca, Milan, Italy.

From 1/10/2006, “Ricercatore Universitario, settore scientifico-
disciplinare FIS/02” in the Department of Physics, University of
Milano-Bicoccea, Milan, Italy.

Research Fellow in the Department of Physics, University of Milano-
Bicocca, Milan, Italy, with a 3 years grant within the program “Ri-
entro dei cervelli”.

Research Fellow in the Department of Physics, University of
Durham, Durham, UK, with a PPARC Advanced Fellowship of 5
years.

Postdoctoral Research Associate in the Department of Physics, Uni-
versity of Wisconsin, Madison, USA.

Postdoctoral Research Assistant in the Department of Physics, Uni-
versity of Durham, Durham, UK, with a INFN fellowship of 2 years
(“Concorso a n. 7 borse di studio post-doctoral per fisici teorici.
Bando n. 6585/97").

CERN Theory Division, Visiting Scientist (5 months).

Awards and Honors

2004

2002

2001

1998

“Rientro dei cervelli”: grant for four-year research activity in the
Department of Physics, Universita di Milano-Bicocca, Milan, Italy.

PPARC Advanced Fellowship, UK. Grant for five-year research ac-
tivity in the Department of Physics, University of Durham, Durham,
UK.

DPYT Snowmass Fellowship, American Physics Society, USA.

INFN Fellowship (“Concorso a n. 7 borse di studio post-doctoral
per fisici teorici. Bando n. 6585/97”), Italy. Grant for two-year re-
search activity in the Department of Physics, University of Durham,
Durham, UK.



Teaching experiences

2015—present Lecturer in “Theory and phenomenology of the fundamental in-

2014-2015

2010-2014

2007-2010

2006-2013

2006-2010

2004-2006

2002-2003

1999-2000

1994-1998

teractions” and “Elements of Theoretical Physics: Special Relativ-
ity and Advanced Quantum Mechanics”, undergraduate courses for
the fourth- and third-year students in Physics, at the Universita di
Milano-Bicocea.

Lecturer in “Theory and phenomenology of the fundamental inter-
actions” and “Advanced Quantum Field Theory”, undergraduate
courses for the fourth-year students in Physics, at the Universita di
Milano-Bicocea.

Lecturer in “Theory and phenomenology of the fundamental in-
teractions”, undergraduate course for the fourth-year students in
Physics, at the Universita di Milano-Bicocea.

Lecturer in “Quantum Mechanics”, undergraduate course for the
third- and fourth-year students in Physics,at the Universitd di
Milano-Bicocca.

Lecturer/Teaching Assistant in “Math for Physics”, undergraduate
course for the second- and third-year students in Physics, at the
Universita di Milano-Bicocca.

Lecturer in “Introduction to Quantum Mechanics”, undergraduate
course for the third-year students in Physics, at the Universita di
Milano-Bicocea.

Lecturer in “Fundamental interactions and the Standard Model:
introduction to QCD”, graduate course for the Ph.D students, at
the Universita di Milano-Bicocca.

Tutor in the second-year courses in Physics, University of Durham.

Tutor in the third-year courses in Physics, University of Durham.

Lecturer/Teaching Assistant in “Fundamental Physics” (mechanics,
thermodynamics, kinetic theory of gases, classical electrodynamics
and optics), undergraduate course for the first- and second-year stu-
dents of the Engineering Faculty, at Politecnico di Milano and Como
(9 courses of 40 hours each).

Public lectures

- “Higgs physics at the LHC”, lectures given at The physics of LHC, Martignano,
Lecce, Italy, 20-25 May 2004. ‘



- “Heavy-Quark Production”, lecture given at the CTEQ School 2006, Rhodes,
Greece, 2 July 2006.

- “Introduction to Electroweak theory and Higgs-boson physics at the LHC”, lec-
tures given at the Galileo Galilei Institute, Firenze, Italy, 24-26 September 2007.

- “Matching NLO Calculations with Parton Shower: the POWHEG generator”,
lectures give at LAPTh, Annecy, France, 29 November-1 December 2011.



Professional activities

2009-2014 Theory contact person of the “Higgs boson production in vector-
boson fusion” working group in the LHC Higgs Cross Section Work-
ing Group project.

2009 Organizer and convener of the parallel session “Electroweak and
QCD physics” at IFAE 2009, Bari, Italy, 15-17 April 2009.

2007 Organizer and convener of the second Parma International School in
Theoretical Physics, University Campus, Parma, Italy, 3-8 Septem-
ber 2007.

2004-present Organizer of the seminars for internal and external speakers in the
Department of Physics, Universita di Milano-Bicocca, Milan, Italy.

2002-2003 Organizer of the seminars for internal and external speakers in the
Department of Physics, University of Durham, Durham, UK.

2002 Organizing committee for “Pheno 2002 Symposium”, Madison, WI,
USA, 22-24 April 2002.

2001 Organizing committee for “Pheno 2001 Symposium”, Madison, W1,
USA, 7-9 May 2001.

Referee’s activities

I act as referee for the following journals:
- Journal of High Energy Physics

- Nuclear Physics B

- Physical Review D

- Physical Review Letters



Schools and conferences

“Problemi attuali di Fisica Teorica”, Cortona, Italy, 22-25 May 1996.
“V Seminario Nazionale di Fisica Teorica”, Parma, Italy, 2-13 September 1996.
Visiting student in the Theory Division, CERN, Geneva, Switzerland, 1997.

“Theory of LHC Processes Workshop”, CERN, Geneva, Switzerland, 9-13 Febru-
ary 1998.

“1%* General Meeting of the Network on QCD and Particle Structure” and “3'4
UK Phenomenology Workshop on Hera Physics”, Durham, United Kingdom, 20—
25 September 1998.

“Annual UK Theory Winter Meeting”, Rutherford Appleton Laboratory, Oxford,
United Kingdom, 16-18 December 1998.

“Standard Model Physics (and more) at the LHC”, CERN, Geneva, Switzerland,
14-22 January 1999.

“XXXIV Rencontres de Moriond. QCD and High Energy Hadronic Interactions”,
Les Arcs, France, 20-27 March 1999.

“International School of Subnuclear Physics, 37" Course, Basics and Highlights
in Fundamental Physics”, Erice, Italy, 29 August—7 September 1999.

“International Workshop QCDNET 99. 2" European QCD-network Workshop”,
Firenze, Italy, 15-18 September 1999.

“UK Phenomenology Workshop on Collider Physics”, Durham, UK, 19-24 Septem-
ber 1999.

“VII International Workshop on Advanced Computing and Analysis Techniques
in Physics Research”, Fermilab, Batavia, IL, USA, 16-20 October 2000.

“Thinkshop?: top-quark physics for Run II & beyond”, Fermilab, Batavia, IL,
USA, 10-12 November 2000.

“Workshop on the Future of Higgs Physics”, Fermilab, Batavia, IL, USA, 3-5 May
2001.

“Pheno 2001 Symposium”, Madison, WI, USA, 7-9 May 2001.

Visitor at Fermilab, Batavia, IL, USA, with the summer visitor program, 21 May—
3 June 2001.

“Snowmass 2001: the Future of Particle Physics”, Snowmass, CO, USA, 30 June-
21 July 2001.

“CTEQ Meeting”, Argonne National Laboratory, Argonne, IL, USA, 26-27 Octo-
ber 2001.



“XXXVII Rencontres de Moriond”, Les Arcs 1800, France, 16-23 March 2002.

“IFAE 2002: Incontri sulla Fisica delle Alte Energie”, Parma, Italy, 3-5 April
2002.

“Pheno 2002 Symposium”, Madison, WI, USA, 22-24 April 2002.

“LoopFest”, Brookhaven National Laboratory, Upton, NY, USA, 9-10 May 2002.
“Annual Theory Meeting”, Durham, UK, 16-18 December 2002.

“Monte Carlo at Hadron Colliders Workshop”, Durham, UK, 14-17 January 2003.
“Particle Physics 2003”, Durham, UK, 14-16 April 2003.

“Workshop: Physics at TeV Colliders”, Les Houches, France, 26 May-6 June 2003.

“CERN Workshop on Monte Carlo tools for the LHC”, CERN, Geneva, Switzer-
land, 7 July-2 August 2003.

“Electroweak Radiative Corrections to Hadronic Observables at TeV Energies”,
Durham, UK, 11-15 September 2003.

“Annual Theory Meeting”, Durham, UK, 18-20 December 2003.
“Collider Workshop 04", Santa Barbara, CA, USA, 7 March-3 April 2004.
“LoopFest III”, Santa Barbara, CA, USA, 1-3 April 2004.

“IFAE 2004: Incontri sulla Fisica delle Alte Energie”, Torino, Italy, 14-16 April
2004.

“DIS 2005”, Madison, WI, USA, 27 April-1 May 2005.

“Pheno 2005 Symposium”, Madison, WI, USA, 2-4 May 2005.

“Workshop: Physics at TeV Colliders”, Les Houches, France, 11-20 May 2005.
“New Frontiers in Subnuclear Physics”, Milan, Italy, 12-17 September 2005.

“Workshop sui Monte Carlo, la fisica e le simulazioni a LHC”, Frascati, Italy,
27-29 February 2006.

“DIS 2006”, Tsukuba, Japan, 19-25 April 2006.

“Workshop on Collider Physics”, Argonne National Laboratory, Argonne, IL,
USA, 8-12 May 2006.

“CTEQ Meeting”, Argonne National Laboratory, Argonne, IL, USA, 12 May 2006.
“Pheno 2006 Symposium”, Madison, W1, USA, 15-17 May 2006.

“Workshop sui Monte Carlo, la fisica e le simulazioni a LHC”, Frascati, Italy,
29-30 May 2006.



“CTEQ School 2006”, Rhodes, Greece, 1-9 July 2006.

“Workshop: high precision for hard processes at the LHC”, Ziirich, Switzerland,
6-9 September 2006.

“Workshop sui Monte Carlo, la fisica e le simulazioni a LHC”, Frascati, Italy,
23-25 October 2006.

“IV Workshop Italiano sulla Fisica di ATLAS e CMS”, Bologna, Italy, 23-25 Novem-
ber 2006.

“Fisica in ‘vivo’ ”, Milano, Italy, 13-14 March 2007.

“Pheno 2007 Symposium”, Madison, WI, USA, 7-9 May 2007.
“Physics at TeV Colliders”, Les Houches, France, 17-23 June 2007.
“RADCORO7”, Firenze, Italy, 1-5 October 2007.

“V workshop italiano sulla fisica pp ad LHC”, Perugia, Italy, 30 January-2 Febru-
ary 2008.

“Pheno 2008 Symposium”, Madison, WI, USA, 28-30 April 2008.
“GDR Supersymétrie”, LAL Orsay, Paris, FRANCE, 3-4 December 2008.

“CMS Advanced Monte Carlo Use and Tuning Strategies”, CERN, Geneva, Switzer-
land, 15-16 December 2008.

“Workshop on Higgs Boson Phenomenology”, Ziirich, Switzerland, 7-9 January
2009.
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Research activity and interests

Power Corrections

In gauge theories in general, and in Quantum Chromodynamics (QCD) in partic-
ular, there are Feynman graphs whose value grows as the factorial of the order of the
perturbative expansion in the strong coupling constant «,: the so called renormalons.
The resulting perturbative series is then divergent and, if one wants to give meaning
to this series, one has to interpret it as an asymptotic expansion. As a consequence,
there is an uncertainty in the value of the sum of the series which is of the order of
(negative in QCD) powers of the energy scale F that governs the process. For example,
at LEP I energies (F ~ 90 GeV), these terms affect the shape variables at the order of
1%, limiting the precision measurement of c,.

P. Nason and I investigated the supposed universality of the power-correction terms
in infra-red and collinear-safe shape variables. In the soft-radiation limit, the limit that
gives rise to infrared renormalons in QCD, we demonstrated the equivalence of two
shape variables: the C' parameter and sin?7n. In addition, we found that the squared
invariant mass of the heavy jet, M%, acquires a power-correction contribution enhanced
by the presence of a logarithm of E. For this reason, this shape variable suffers from
large non-perturbative corrections and it is not suited to be used in the extraction of
Q.

Heavy Quarks

The Ry problem, that is the discrepancy between the theoretical prediction and the
measured value of the fraction of Z bosons that decay into a bb pair, challenged the
physics community for some time. We [, 2, 3] investigated the effect and magnitude of
a dynamical systematic error, coming from the correlation of single and double tagging
of b quarks. The error we found was a few per cent of the measured quantity, and, since
the computation was performed up to order o2, it could not justify the disagreement
with the experimental value. More precision tests of the Standard Model performed at
LEP subsequently gave a value for R, in agreement with the theoretical value.

In addition, the sensitivity of such measurements reached a level that it was com-
pelling to investigate the relevance of heavy-quark mass corrections in the determination
of o from event shape variables. For this reason, we [2] computed the next-to-leading-
order (NLO) differential cross section for the process ete™ — Z/y — QQ + X, where
() is a heavy quark. We produced a benchmark of values for some shape variables
such as thrust, C' parameter and the energy-energy correlation, and for the three-jet
fractions according to the E, EM, JADE and DURHAM schemes, for a wide range of
mass values [4]. The resulting Monte Carlo (MC) program has been extensively used by
members of the ALEPH, DELPHI and OPAL Collaborations in the study of quark-mass
effects at LEP.

Very recently, the SLD Collaboration has produced new data on the measurement of
angle-dependent B-B energy correlations in Z° — bb events. A Brandenburg, P. Nason
and I [5] have introduced and defined a new shape variable that carries information on
the angular and energy correlations between the two final b-quarks, and we have sug-



gested the SLD Collaboration to measure the quantity described by this new variable.
We have demonstrated that, in the definition of this shape variable, large logarithms of
the ratio of the mass of the final quark over the centre-of-mass energy cancel out, so that
this variable has a well-behaved perturbative expansion in ;. We have studied the the-
oretical uncertainties due to the renormalization-scale dependence and the quark-mass
definition and we have addressed the question of which mass definition should be used
for this variable. In addition, we have produced some tables of our results that can be
used in a fit to the data to measure «; at next-to-leading order.

Heavy-Quark Fragmentation Function and Hadronization

Every attempt to make a comparison between data and the computed fragmentation-
function for the production of a heavy quark of mass m in the process ete™ — Z/v —
@ -+ X has to face two additional problems:

- the appearance of potentially large logarithms of the form log(m/FE), where F is
the total center-of-mass energy. The presence of these large terms, multiplying the
expansion coefficient of the perturbative series, a,, may invalidate the expansion
itself. In order to obtain reliable estimation of physical quantities, we resummed
these large logarithms to all orders in perturbative QCD, and we matched the
resummned calculation with the fixed-order one [6], in order to have a differential
cross section that is valid both when F >» m and when F ~ m.

- the hadronization of the final massive quark (typically into D and B mesons), and
in general all the low-energy phenomena that cannot be computed in a perturba-
tive framework. It has become customary in the scientific literature to parametrize
all these effects with a one- or more-parameter function (Peterson et al. function,
Euler function, ...). Since we expect this function to be universal (it describes the
last stage of hadron formation and it is then independent of the hard-scattering
part of the reaction), it can be extracted from one process, such as e*e™ annihi-
lation, and used in another. In fact, our results [7, 8, 9] were used in the fitting
of tagged charm-photoproduction data at HERA to directly determine the gluon
distribution function inside a proton.

The more recent data for B production from the ALEPH and SLD Collaborations were
fitted too, and, while showing a bad x? for the one-parameter Peterson et al. function,
they confirmed the fact that the contribution of non-perturbative effects is less important
than in D-meson production [10].

In refs. [11, 12], we have compared the QCD theoretical predictions for heavy flavoured
mesons fragmentation spectra in ete™ annihilation with data from CLEO, BELLE and
LEP. We have included several effects in our calculation: next-to-leading order (NLO)
initial conditions, evolution and coefficient functions. Soft-gluon effects are resummed
at next-to-leading-log accuracy. A matching condition for the crossing of the bottom
threshold in evolution is also implemented at next-to-leading order accuracy [13]. Im-
portant initial-state electromagnetic radiation effects in the CLEO and BELLE data
have been accounted for.

Our findings can be summarized in the following:



o With reasonably simple choices of a non-perturbative correction to the fixed-order
initial condition for the evolution, the data from CLEO and BELLE can be fitted
with remarkable accuracy. '

e The fitted fragmentation function, when evolved to LEP energies, does not however
represent fairly the D* fragmentation spectrum measured by ALEPH. Large non-
perturbative corrections to the coefficient functions of the meson spectrum are
needed in order to reconcile CLEO/BELLE and ALEPH results.

e We have tabulated the non-perturbative parameters extracted from the fits to
ete” fragmentation data for D/D* and B mesons, so that they can be employed
in the theoretical predictions for the production of charmed and bottomed mesons
in hadron-hadron, photon-hadron and photon-photon collisions.

Sudakov Resummation in Prompt-Photon Hadroproduction

Prompt-photon production in fixed-target experiments is our main source of infor-
mation on the gluon parton density at large x, the fraction of energy carried by the
initial parton. This same region is relevant for hadron colliders in production phenom-
ena at very high transverse momenta, and thus its understanding is crucial in order to
disentangle possible signals of new physics from the QCD background.

For example, a particularly interesting problem emerged in the past few years in the
production of high-transverse-energy (Fr) jets at the Tevatron. An excess over the QCD
prediction has been reported by the CDF collaboration, for jets with Er = 350 GeV.
Both jet cross sections and direct-photon cross sections at high transverse energy are
affected by soft-gluon effects. In both cases, these effects should be understood in order
to be able to claim a discrepancy with QCD predictions. In particular, these effects
can be very important in the direct-photon case, since the typical F7 values probed are
much smaller than in the case of jet production at the Tevatron, and therefore the size
of the running coupling «; at the relevant scales is bigger.

S. Catani, M.L. Mangano, P. Nason, W. Vogelsang and I [14, 15] computed some
phenomenological effects of soft-gluon resummation, at next-to-leading-log level, in the
fixed-target hadroproduction cross-section for prompt photons, and we made a compar-
ison with the data collected by the E706 and UA6 Collaborations. While the agreement
of the resummed cross section with the data is not yet satisfactory, the tendency of the
resummed cross section is to get closer to the measured data, giving a better y2.

Two-loop matrix elements in 2 — 2 scattering of massless QCD partons

Accurate perturbative calculations beyond leading order in QCD are an important
ingredient in improving our understanding of jet production in current and future high-
energy collider experiments at the Tevatron, at Fermilab, and at the Large Hadron
Collider (LHC), at CERN. At present, next-to-leading order calculations have become
standard and are used to make comparisons with experimental data.

To date, these comparisons have been limited by both experimental and theoretical
uncertainties at the 10% level. However, improvements in detector technology, as well



as the expected large increases in the luminosity of the colliding particles, should sig-
nificantly improve the quality of the experimental data and will require more accurate
theoretical calculations either to claim new physics or to refine our understanding of the
Standard Model (SM).

The theoretical prediction may be improved by including the next-to-next-to-leading
order (NNLO) perturbative contributions. There are several reasons for why this step
is vital in reducing the theoretical uncertainties:

- the dependence from the unphysical renormalization and factorization scales is
going to be reduced,;

- the presence of an additional hard parton gives rise to better matching hetween
the partonic and the hadronic final state;

- double radiation from one of the incoming partons or single radiation from both
of the two incoming partons creates more complicated transverse-momentum pat-
terns for the final state partons, and may provide a better and more theoretically
motivated description of the data, without the need of an intrinsic transverse mo-
mentum for the parton in the incoming hadron;

- the need of power correction contributions to event shape variables is going to be
reduced, since part of the 1/E contributions (where F is the high energy scale of
the process) will be taken into account by the NNLO term.

The full NNLO prediction for 2 — 2 QCD scattering processes requires the knowledge
of the two-loop 2 — 2 matrix elements as well as the contributions from the one-loop
2 — 3 and tree-level 2 — 4 processes. At large transverse energies, Er > Mquark,
the quark masses may be safely neglected and we, therefore, focus on the scattering of
massless partons.

Techniques for computing multi-particle tree amplitudes for 2 — 4 processes, and
the one-loop 2 — 3 parton processes are well understood, and for many QCD processes
they are known and available.

The evaluation of the two-loop 2 — 2 contributions for QCD processes has been a
challenge for the past few years [16]. This was mainly due to a lack of knowledge about
planar and crossed double-box integrals that arise at two loops, from the point of view
of both the tensor reduction and the analytic evaluation of the corresponding master
integrals.

In fact, it is well known in the literature that tensor integrals can be related to scalar
integrals with higher powers of the propagators in higher space-time dimension D. The
problem is then moved to the computation of generic scalar integrals and the goal is to
express them in terms of a finite set of master integrals, whose analytic expression as a
function of the kinematic variables of the process and of the dimension D is known.

C. Anastasiou, E.ZW.N. Glover and I [17], using recurrence relations obtained by
integration-by-parts identities, reduced the topology called pentabox to simpler ones,
and we gave the analytic expression of these integrals. These master integrals were
computed with the quite recent negative-dimension method [18, 19] that was used to
study massive one-loop integrals by analytically continuing the Feynman integral to
negative dimensions and to negative powers of the propagators. In this way, we obtained
the general solutions for massless one-loop box integrals with zero or one massive external



leg and with arbitrary powers of propagators and we evaluated the two-loop box integrals
which are one-loop insertions to one-loop box graphs.

A more challenging problem was the derivation of the reduction procedure for the
two-loop crossed box with light-like external legs and the evaluation of the corresponding
master integrals [20, 21]. This problem was the unresolved issue in the tensor reduction
of matrix elements for two-loop 2 — 2 scattering processes. We made use of recurrence
relations obtained by integration-by-parts and Lorentz-invariance identities to express
integrals with different powers of the propagators as a function of two master crossed
boxes, plus simpler topologies. We explicitly gave the equations that relate the two
master integrals in different dimensions and the analytic expansion in terms of ¢ =
(4 — D)/2 of the missing master integral.

All the ingredients for the computation of physical matrix elements for QCD massless
partons in 2 — 2 scattering were then available.

Furthering the pioneering work of Z. Bern, L.J. Dixon and A. Ghinculov, who com-
pleted the two-loop calculation of physical 2 — 2 scattering amplitudes for the QED
processes ee” — pTu” and ete” — ete”, we studied the O (a?) contributions aris-
ing from the interference of two-loop and tree-level graphs for the QCD processes of
quark-quark [22, 23, 24], quark-gluon [25] and gluon-gluon [26] scattering.

In these papers, we presented analytic expressions for the infrared pole structure
(that ultimately cancels against contributions from the 2 — 3 and 2 — 4 processes),
which agrees with that anticipated by S. Catani, as well as the finite remainder of the
amplitudes squared. The matrix elements were renormalized in the MS scheme, and we
performed the calculation using the conventional dimensional regularization, treating
the external particles in DD dimensions, with 2 degrees of freedom for fermions and D —2
degrees of freedom for gluons.

Electroweak Symmetry Breaking and Higgs boson

The LHC is generally regarded as the collider that will enable the direct observation
of the Higgs boson, the remnant of the mechanism believed responsible for electroweak
symmetry breaking and fermion-mass generation, and the last unobserved particle of
the Standard Model.

Furthermore, the LHC promises complete coverage of Higgs boson-decay scenarios,
including general Minimal Supersymmetric Standard Model (MSSM) parameterizations,
and even invisible Higgs boson decays.

Observation of a resonance in some expected decay channel is, however, only the
beginning of Higgs boson physics. Continuing efforts will include the search for more
than one Higgs boson, as predicted e.g. by the two-Higgs doublet models, of which the
MSSM is a subset. At least as important as the discovery, is the detailed study of the
properties of the Higgs-like resonance: determination of all the quantum numbers and
couplings of the state. These include the gauge, Yukawa and self couplings as well as
the charge, color, spin and CP quantum numbers.

It is then of primary importance the study of the production channels that allow the
extraction of these properties (signal) and of the relative background that can hide or
mimic the signal itself.

Gluon fusion and weak-boson fusion (WBF) are expected to be the most copious



sources of Higgs bosons in pp collisions at LHC. Weak-boson fusion, qq¢ — ggH via t
channel W or Z exchange, characterized by two forward quark jets, has very small QCD
radiative corrections. T. Figy, D. Zeppenfeld and I [27, 28] have computed these NLO
corrections and we have shown that, for jet distributions, they are of the order of 5 to
10% in most cases, but reaching 30% occasionally. The remaining scale uncertainties
range from the order of 5% or less for distributions to below £2% for the Higgs boson
cross section in typical weak-boson fusion search regions. We have implemented a fully-
flexible partonic Monte Carlo program, that can be easily interfaced with a LO hadronic
Monte Carlo, like the recent version of HERWIG.

Since the NLO QCD corrections are modest, not only when considering inclusive
quantities, but also when considering jet distributions, Higgs boson production in WBF
is an ideal place for the extraction of HWW and HZZ couplings.

On the other hand, NLO QCD corrections to the inclusive gluon-fusion cross section
are known to be large. Because the lowest-order process is loop induced, a full NNLO
calculation would entail a three-loop computation, which presently is not feasible. In
the intermediate Higgs-mass range, which is favored by the present electroweak precision
data, the Higgs boson mass my is small compared to the top-quark (m;) pair threshold
and the large-m; limit promises to be an adequate approximation.

The production of a Higgs boson accompanied by two jets via gluon fusion, while
part of the inclusive Higgs boson signal, constitutes a background when trying to isolate
the HWW and HZZ couplings in the WBF process. A precise description of this
background is needed in order to separate the two major sources of H + 2 jet events. In
addition, one has to find characteristic distributions and the relative cuts to apply, in
order to distinguish between the WBF contribution and the gluon fusion one.

To derive these cuts and to assess the validity of the m; — oo limit, we computed
the gluon-fusion cross section, including all finite m; corrections, coming from top-quark
triangle-, box- and pentagon-loop diagrams in an analytic framework [29, 30, 31, 32].
We studied the renormalization- and factorization-scale dependence of the resulting
H + 2 jet cross section, and we discussed phenomenologically important distributions
at the LHC. As expected, the large-m, limit provides an excellent approximation to
the full m; dependence only when the Higgs boson mass is small compared to the top-
pair threshold. The large-m; limit is found to break down for my > m,; and when jet
transverse momenta become large (pr; 2, my). However, large dijet invariant masses do
not invalidate the m; — oo limit as long as the Higgs boson mass and the jet transverse
momenta are less than the top-quark mass.

Another interesting limit that we have investigated is the high-energy limit, reached
in two different configurations: (a) when the Higgs boson is centrally located in rapidity
between the two jets, and very far from either jets and (b) when the Higgs boson is close
to one jet in rapidity, and both of these are very far from the other jet [33, 34]. In both
cases the amplitudes factorize into impact factors or coefficient functions connected by
gluons exchanged in the ¢ channel. Accordingly, we computed the coefficient functions
for the production of a Higgs boson from two off-shell gluons, and the impact factors
for the production of a Higgs boson in association with a gluon or a quark jet, including
the full top-quark mass dependence.

We have found good agreement between the exact calculation, in the high-energy
regime, and the approximated expressions built using the simpler form factors.



Up to date, the m; — oo and the high-energy limits are the only two approximations
that could be used to extend the leading order calculation (it is a leading-order calcu-
lation, even if it is a one-loop one) to a NLO level. In fact, the exact NLO calculation
for Higgs boson plus two jets via gluon fusion is nowadays unfeasible, having to deal
two-loop diagrams not yet evaluated in the literature.

MSSM and Higgs Boson Production

We are now working on the extension of the H + 2 jet calculation to the Minimal
Supersymmetric Standard Model (MSSM). Most of the work has been devoted to the
calculation of the sfermion contribution running in the pentagon, box and triangle loops
that appear at leading order in the Higgs boson plus two jet production. The substitution
of the fermion in the loop with a sfermion (scalar particle) does not introduce any tensor
structure in the numerator of the loop integrals or any color structure not already
present in the SM case. In fact, while now the sfermionic propagator does not carry any
tensor structure, the vertex squark-antisquark-gluon carries a tensor structure linearly
dependent on the loop momentum.

For this reason, we have used the same procedure outlined in ref. [30] to express the
full MSSM amplitude in terms of finite scalar pentagons, boxes, triangles and of the
finite part of self-energy integrals.

Our final goal is to combine the SM result with the MSSM one and to compute
distributions and cross sections in different regions of the parameter space, to establish
the relevance of the MSSM contribution with respect to the SM one. In fact, Higgs
boson coupling to sbottom quark may be enhanced by a tan 8 factor (the ratio of the
two vacuum expectation values) and could give rise to a sizable contribution to the SM
one.

QCD corrections to multiple boson production via vector-boson fusion

In order to measure all the properties of the Higgs boson, a detailed knowledge of
both the signal and the background processes has to be achieved.

e The production of W or Z bosons in association with two jets is an important
background to the Higgs boson search in vector-boson fusion (VBF) at the LHC.
The purely electroweak component of this background is dominated by vector-
boson fusion, which exhibits kinematical distributions very similar to the Higgs
boson signal. In addition, these processes are important since one would like to
exploit W and Z production via VBF as calibrating processes for Higgs boson
production, namely as a tool to understand the tagging of forward jets or the
distribution and veto of additional central-jet activity. The precision needed for
Higgs boson studies then requires the knowledge of NLO QCD corrections for
Wjj and Zjj production as well. D. Zeppenfeld and I {35] have computed these
corrections to W and Z boson production via vector-boson fusion and we have
shown that the QCD corrections are modest, increasing the total cross sections by
about 10%. Remaining scale uncertainties are below 2%. Corrections of the order
of a few percent have been found for distributions too.



e Together with single vector-boson production, pair production too forms an irre-
ducible background for VBF Higgs searches.

— In ref. [36], we have consider what is commonly referred to as WHW~ pro-
duction via vector-boson fusion (with subsequent leptonic decay of the W’s),
or, more precisely, e*v, p~7, + 2 jets production in proton-proton scattering,
with all resonant and non-resonant Feynman diagrams and spin correlations
of the final-state leptons included, in the phase-space regions which are dom-
inated by t-channel electroweak-boson exchange. We have computed the
next-to-leading order QCD corrections to this process, at order a®a,. The
QCD corrections that we have found are modest, changing total cross sections
by less than 10%. Remaining scale uncertainties are below 2%.

— In addition, vector-boson fusion processes allow to distinguish a light Higgs
boson scenario from strong weak-boson scattering. In refs. [37, 38], we have
then considered the channels WYW~ — ZZ and ZZ — ZZ as part of
electroweak Z boson pair production in association with two tagging jets.
We have computed the NLO QCD corrections to the cross sections for pp —
ete ptp~™ + 2 jets and pp — efe” v, + 2 jets via vector-boson fusion
at order a,a®. The corrections to the integrated cross sections were found
to be modest, while the shapes of some kinematical distributions change
appreciably at NLO. Residual scale uncertainties typically are at the few

percent level.

— Finally, in refs. [39, 40], we have completed the calculation of the NLO QCD
corrections to pp — ety ut T + 2 jets and pp — e T uTp + 2 jets, final
states of VBF W*Z and W~ Z production, respectively, and in ref. [41] we
have provided results for W*W™*jj and W~W ™35 production too.

e QCD corrections to charged triple vector-boson production with leptonic decay
pp = ZZW* and pp — WEWTFW* have been considered in [42, 43, 44]. Triple
vector-boson production processes are of particular interest because they are sen-
sitive to quartic electroweak couplings and they are a Standard Model background
for many new-physics searches, characterized by several leptons in the final state.

All these processes have been collected into a single program, called VBFNLO {45, 46, 47],
that provides a fully-flexible next-to-leading order partonic simulation, with the possi-
bility to interface the LO order results to a shower Monte Carlo generator, producing
events at the hadron level.

NLO + pérton shower Monte Carlo generators

The truncation of the perturbative series at next-to-leading or next-to-next-to-leading
order yields the best available results for sufficiently inclusive observables, in kinematic
regions where higher-order corrections are not enhanced (in this case, resummation tech-
niques should be used). However, in many cases, a more exclusive description of final
states and/or a wider kinematic coverage are needed.



For the description of exclusive hadronic final states, perturbative calculations have
to be combined with a model for the conversion of partonic final states into hadrons
(hadronization). Existing hadronization models are in remarkably good agreement with
a wide range of data, after tuning of the model parameters. However, these models
operate on partonic states with high multiplicity and low relative transverse momenta,
which are obtained from a parton shower or dipole-cascade approximation to QCD
dynamics and not from fixed-order calculations.

In the last decade, two successful algorithms that consistently merge NLO calcu-
lations with parton-shower effects have been proposed and developed: MC@NLO and
POWHEG. The POWHEG method (POsitive-Weight Hardest Emission Generator),
proposed by P. Nason in 2004, was presented with full details in ref. [48], and further
implemented in the POWHEG BOX code [49, 50]. Since then, the POWHEG BOX has be-
come one of the main tools used by the experimental collaborations at the LHC for full
shower simulations. The POWHEG BOX is an automatic tool that, given few basic ingre-
dients, turns a next-to-leading, fixed-order calculation, into a NLO -+ parton shower
simulation.

A user can provide the Born, real and virtual contributions, or can benefits of two
interfaces: to MadGraph4 [51], that automatically builds the Born (with its spin and
color-correlated amplitudes) and the real contributions, and to GoSam [52], that builds
the virtual term.

In addition, it allows for electromagnetic shower, for quick reweighting of events for
simulations at different scales and with different parton distribution functions and it
correctly deals with resonances. The current release of the code can run on a multi-core
framework, so that the generation of events can be very fast.

Several processes, in the Standard Model and beyond, have been implemented in
the POWHEG BOX, both by the original collaboration and from other independent groups.
The ones to which I collaborated are the following:

¢ Single vector-boson production (W and Z) with decay [53]

e Single-top production in the s- and ¢-channel [54]

e Higgs boson production in gluon fusion [55]

e Higgs boson production in vector-boson fusion [56]

e Vector boson plus one jet production with decay (W/Z + 1 jet) [57]
e Jet pair production [58, 59, 60]

e Wb production [61]

¢ Higgs boson production plus one and two jets [51]

o HW*/HZ + 0 and 1 jet [52]

e Three-jet production [62]

o (t and Wt production and decay including non-resonant and interference effects [63]



Multi-scale Improved NLO and merging samples

Perturbative QCD calculations depend on unphysical renormalization and factoriza-
tion scales through potentially large logarithmic corrections. In addition, theoretical
errors are usually estimated by varying the scales by a factor of 2 around their central
values, often determined a posteriori. MiNLO, acronym of Multi-scale Improved NLO,
gives a prescription on how to assign the factorization and renormalization scales, and
on how to partially resum the large logarithmic terms into Sudakov form factors.

In ref. [64], we have applied MiNLO to H/W/Z + 1 jet production (Bj in short),
and we have investigated the accuracy of the results. We have shown that, by slightly
modifying the MiNLO procedure, we could have a result that is NLO accurate for inclusive
B distributions and NLO accurate for inclusive B + 1 jet distributions, at the same
time. We then managed to generate a sample of events with this extended accuracy,
without the need of merging two different samples, and without the need of an unphysical
merging scale.

In addition, we showed that we could generate the first sample with NNLO + parton
shower accuracy, with little effort.

The same MiNLO modifications applied to Bj production have been applied to HV
+ 1 jet [52], that allowed us to produce a sample with NLO accuracy both for inclusive
HYV production and for inclusive HV + 1 jet quantities.

We have also applied MiNLO to Wbhbj production [65], with massive final-state b
quarks, and where we have performed a detailed ¢ omparison with the Wbb code and
with up-to-date experimental results.

Reports and Proposals

I have contributed to several reports and proposals:

o ACAT and Snowmass reports:

— Advanced computing and analysis techniques in physics research [66]

— Physics at future hadron colliders, Snowmass [67]
e Les Houches reports:

— Physics at TeV colliders. Proceedings, Euro Summer School, Les Houches,
France [68]

— Higgs working group: Summary Reports [69, 70, 71]

I

A Proposal for a standard interface between Monte Carlo tools and one-loop
programs [72]

The SM and NLO Multileg Working Group: Summary report [73]

The SM and NLO Multileg and SM MC Working Groups: Summary Re-
port [74]



— The Tools and Monte Carlo working group Summary Report [75]

— Update of the Binoth Les Houches Accord for a standard interface between
Monte Carlo tools and one-loop programs [76]

— 9th Les Houches Workshop on Physics at TeV Colliders (PhysTeV 2015) Les
Houches, France, June 1-19, 2015 [77]
o LHC Higgs cross section handbooks:

— Handbook of LHC Higgs Cross Sections: 1. Inclusive Observables [78]
— Handbook of LHC Higgs Cross Sections: 2. Differential Distributions [79]
— Handbook of LHC Higgs Cross Sections: 3. Higgs Properties [80]
— Handbook of LHC Higgs Cross Sections: 4. Deciphering the Nature of the
Higgs Sector [81]
o What Next reports:

— What Next: White Paper of the INFN-CSN1 [82]

— The Standard Model from the LHC to future colliders: a contribution to the
Workshop "What Next” of INFN [83]

e Other reports

— Physics at a 100 TeV pp collider: Standard Model processes [84]
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Progetti Europei scintillatore LVD); esso e’ tutt’ora stabile ed in uso alla collaborazione LVD.

ASPERA (2012-2014)
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Particelle Elementari del Dipartimento di Fisica dell' Universita'di Milano.
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