
Mid-Term report
Germán Rodrigo



Advanced Particle 
Phenomenology 
in the LHC erahttp://www.lhcphenonet.eu/

Marie Curie Initial Training Network 
PITN-GA-2010-264564 (2011–2014)

11 Partners + 3 AP in 13 countries, of which 3 industry partners (one at Level 1, 
two as AP), about 150 researchers from 30 institutions



Research goal
higher order perturbative corrections
in the Standard Model and beyond,
with emphasis on phenomenology at
the LHC, and the development of
customized open source software for
precision physics and discovery
at colliders.



LHCPhenoNet node structure
Network Partners Institutions involved Scientist in charge

1 - Spain CSIC, Universitat de València,
Universidad Autónoma de Madrid Germán Rodrigo

2 - Argentina Universidad de Buenos Aires Daniel de Florian

3 - France CNRS,  Université Paris VI, CEA Matteo Cacciari

4 - Germany DESY,  Humboldt-Universität zu Berlin,  KIT Karlsruhe,  
Universität Wuppertal, MPI München Sven-Olaf Moch

5 - Hungary Debreceni Egyetem Zoltán Trócsányi

6 - Italy
INFN,  Università di Firenze,  

Università di Milano-Bicocca,  Università di Pavia, 
Università Roma Tre, Universitá di Ferrara

Vittorio Del Duca

7 - Netherlands FOM Eric Laenen

8 - Poland Uniwersytet Slaski, IFJ-PAN Krakow Janusz Gluza

9 - UK Durham University, Liverpool University, 
Cambridge University, Oxford University

Adrian Signer ►
Daniel Maitre (Feb 2012)

10 - Switzerland Universität Zürich, ETH Thomas Gehrmann

11 - RISC RISC Software GmbH, Universität Linz Wolfgang Freiseisen

AP1 - CERN CERN Michelangelo Mangano

AP2 – Wolfram 
Research Wolfram Research, Inc Roger Germundsson

AP3 – Maplesoft MaplesoftTM Jürgen Gerhard



IFIC Valencia Germán Rodrigo
Amparo Llorens Network management
Sebastian Buchta ESR (Jan-Nov 2011)
Lucia Hosekova ESR (Nov 2011-Oct 2012)
Ioannis Malamos ER (Mar 2012-Feb 2013)
Petros Draggiotis
Grigorios Chachamis
Francisco Campanario
Vicent Mateu
Michal Deak

IFT Madrid Agustín Sabio Vera
Riccardo Torre ESR at Universität Zürich

(Jan-Mar and Jul-Aug 2011)
Martin Hentschinski
Clara Salas
Eduardo Serna
José Daniel Madrigal



Research topics
 Top quark physics: charge asymmetries
 New perturbative methods in QFT: the duality theorem, 

reduction of multiloop amplitudes at the integrand level. 
 Higgs boson in VBF
 Small-x resummation, Diffraction
Main collaborations within the network
 Karlsruhe, Firenze, Buenos Aires, CERN, Durham, Zürich
Meetings
 Kick-off meeting 2011



Progress on 
Training and 
Management 

Activities



Supervisory Board (SB)

Germán Rodrigo (chair) 
Sven Moch (co-chair)

Team coordinators
Industry representatives

Roger Hernández (ER/ESR)

Research Board (RB)
WP1: Giulia Zanderighi

Sven Moch
WP2: Robert Harlander
WP3: Günter Dissertori
WP4: Vittorio del Duca

Working Groups
WP1-Precision
WP2-Discovery

WP3-Supp. to Experiments
WP4-Tech. Innovations

Training 
Board (TB)

Johannes Blümlein
Thomas Gehrmann

Gudrun Heinrich 
Peter Paule

Young 
researchers

Team 
Coordinators

Recruitment 
Team (RT)

Matteo Cacciari
Aude Gehrmann

G. Rodrigo

Outreach 
Board
(OB)

Gavin Salam



http://www.lhcphenonet.eu/jobs
Thanks to Matteo Cacciari (LPTHE Paris)

 4 calls for ER/ESR 
positions

 Next call in Sep-Oct



Appointed fellows and visiting scientists 2011-Sep 2012
Partner Fellow ER ESR Task Starting Date Ending Date
Spain Sebastian Buchta ESR M1.4 M4.1 16/01/2011 30/11/2011

Lucia Hosekova ESR M1.4 M2.1 16/11/2011 16/11/2013
Ioannis Malamos ER M4.1 01/03/2012 28/02/2013

Argentina Roger Hernández Pinto ESR M2.4 M3.2 01/06/2011 30/05/2014
France Emanuele Bagnaschi ESR M2.3 M3.3 04/10/2011 03/10/2014
Germany Jakob Ablinger ESR M3.2 M4.3 01/09/2011 31/08/2012
Hungary Damiano Tommasini ESR M2.1 M3.3 04/05/2012 03/04/2013

Roman Derco ESR M3.3 01/07/2012 30/06/2014
Italy Leandro Cieri ESR M1.1 M2.1 01/02/2012 30/04/2013
Netherlands Domenico Bonocore ESR M1.3 M3.3 01/12/2011 30/11/2014
Poland Valery Yundin ESR M1.4 17/01/2011 16/09/2011

Radomir Sevillano ESR M1.4 M2.4 07/11/2011 06/03/2014
UK Marek Schönherr ESR M3.4 01/10/2011 30/09/2012

Xuan Chen ESR M1.4 M3.3 01/12/2011 30/11/2012
Switzerland Riccardo Torre ESR M2.3 M2.4 01/01/2011 

01/07/2011
31/03/2011 
31/08/2011

Damiano Tommasini ESR M2.1 01/03/2011 31/08/2011
Matteo Fael ESR M2.3 01/01/2012 31/12/2012
Oliver Dekkers ESR M4.1 01/02/2012 31/05/2012

Austria Mark Round ESR M3.2 M4.2 06/10/2011 06/10/2013
Partner Visiting Scientist Starting Date Ending Date
Germany Andrzej Czarnecki (University of Alberta) 01/05/2012 31/05/2012
Italy Vladimir A. Smirnov (Moscow State University) 06/10/2011 

08/02/2012
20/10/2011 
18/02/2012



Appointed fellows in 2012 after the Mid-Term Meeting
Partner Fellow ER 

ESR 
Task Starting Date Ending Date

Germany Matthew Dowling ESR M1.2 01/10/2012 30/09/2013

Clemens Raab ESR M4.3 01/10/2012 30/09/2013

Italy Adam Kardos ESR M2.2 M3.3 01/01/2013 31/03/2014

Netherlands Kasper Larsen ER M4.1 01/10/2012 30/09/2013

Poland Ievgen Dubobyk ER M4.3 01/10/2012 30/09/2013

UK Tomas Jezo ESR M1.3 M3.2 01/10/2012 30/09/2013

Switzerland James Currie ER M3.3 M4.1 01/10/2012 30/09/2013

Austria Alexander
Hasselhuhn

ESR M3.2 M4.3 01/10/2012 30/09/2014

Partner Visiting Scientist Starting Date Ending Date

Italy Vladimir A. Smirnov 
Moscow State University

09/09/2012 22/09/2012

Netherlands Lorenzo Magnea
Università di Torino

tbc
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Network wide
Events

 Annual meetings to coordinate the network activities and asses the 
research progress (Supervisory Board meeting).

 Network schools to complement local training by leading experts.

 Priority to presentations by young researchers (not only ESR and 
ER) to enhance their presentation skills in a relaxed atmosphere.

 Training in complementary skills: ESR and ER become members of 
the Local Organizing Committees.

 Create a networked community, open new collaborations.



Kick-off meeting of the LHCPhenoNet Initial 
Training Network, Valencia, Spain, 1-4 February 2011
http://www.lhcphenonet.eu/valencia2011

about 70 participants
One session devoted to ESRs presentations:
Sebastian Buchta, Valery Yundin and Riccardo Torre

Presentations by industry partners: 
Dave Hare (Maplesoft), Oleksander Pavlik (Wolfram)                                         
and Roman Stainko (RISC)



51 participants, including industry partners, 37 presentations 



School of Analytic Computing in 
Theoretical High-Energy Physics
Atrani, Italy, 6-11 October 2011 
http://www.lhcphenonet.eu/atrani2011

Simon Caron-Huot Aspect of scattering amplitudes
Johannes Henn Wilson loops in N=4 SYM
Luis F. Alday Scattering amplitudes at strong coupling
Claude Duhr Momentum twistors, special functions and symbols
Henrik Johansson             N=4 SYM and N=8 supergravity amplitudes
Volodya Smirnov    Modern methods for multiloop Feynman integrals

27 PhD students and postdocs, 23 lectures. 



Lectures
QCD and jet physics, by M. Cacciari
Methods for higher order calculations, by L. Dixon
Physics beyond the Standard Model, by A. Romanino
Monte Carlo event generators, by R. Frederix
Parton Distribution Functions, by M. Ubiali
Results from the Tevatron, by T. Junk
Results from the LHC, by G. Dissertori

53 students, of them 10 ESR of the network, 30 lectures
http://www.lhcphenonet.eu/ascona2012

LHCPhenoNet Winter School 
Stefano Franscini Conference Centre at 
Monte Verità, Ascona, Switzerland
22 - 29 January 2012



LHCPhenoNet Winter School 
Stefano Franscini Conference Centre at 
Monte Verità, Ascona, Switzerland
22 - 29 January 2012
Students session: 11 presentations



LHCPhenoNet School on Integration, Summation and 
Special Functions in Quantum Field Theory
RISC at Schloss Hagenberg near Linz, Austria, 9-13 July 2012
http://www.lhcphenonet.eu/linz2012

22 PhD students and young scientists, 
17 leading experts including industry partners



evaluation questionnaires of the network schools

Question
Atrani
2011

Ascona
2012

Linz 
2012

What is your overall evaluation of the School? 
(1=very negative, 5=very positive) 4.3 4.5 4.1

Would you recommend the School to a 
colleague? (1=definitely not, 5 =definitely)     4.2 4.7 4.0

Did the School give sufficient technical details 
for your interests? (1=never, 5=always)            4.1 4.1 3.8

What do you think about the length of the 
School? 1=far too short, 5=way too long)     2.8 3.2 3.4

What do you think about the location of the 
School? (1=horrible, 5=excellent)                          4.7 4.1 4.3

What is your general impression of the 
lectures? (1=not at all useful, 5=very useful)         4.0 4.3 4.0

What is your opinion on the amount of 
lectures? (1=far too few, 5=far too many)              3.0 3.5 3.6



Network event Web site Partici
pants

Month

LHCPhenoNet Kick-off Meeting, 
Valencia, Spain, Feb 1-4, 2011

http://www.lhcphenonet.eu/
valencia2011 70 2

LHCPhenoNet School on Analytic 
Computation in High Energy Physics, 
Atrani, Italy, Oct 7-11, 2011

http://www.lhcphenonet.eu/
atrani2011 36 (27) 10

LHCPhenoNet Winter School, 
Ascona, Switzerland, Jan 22-29, 2012

http://www.lhcphenonet.eu/
ascona2012 62 (53) 13

LHCPhenoNet Annual Meeting 2012,
Durham, UK, 19-22 Mar 2012

http://www.lhcphenonet.eu/
durham2012 51 15

LHCPhenoNet School on Integration, 
Summation and Special Functions in QFT,
Linz, Austria, 9-13 Jul 2012

http://www.lhcphenonet.eu/ 
linz2012 39 (22) 19

LHCPhenoNet Mid-Term Meeting
Ravello, Italy, Sep 16-20, 2012

http://www.lhcphenonet.eu/ 
ravello2012 43 21

Next meetings
Computer Algebra in Particle Physics, DESY 
Zeuthen, Germany, Mar 10‐15, 2013 27

Summer School Katowice 2013 33

Annual Meeting CERN 2013 36
Summer School Debrecen 2014 44
Final Meeting Berlin 2014 48



Secondments to the industry partners
coordinated by Johannes Blümlein

Roman Derco (Debrecen) Sep-Dec 2012

Domenico Bonocore (Paris) Sep-Dec 2012

Emanuele Bagnaschi (Amsterdam)  Sep-Dec 2012

Lucia Hosekova (Valencia) Jan-Mar 2013

Xuan Chen (Durham) tbc

Radomir Sevillano (Katowice)  Oct-Dec  2012

Michael Ochman (Katowice)   Oct-Dec 2012



Outreach
Kick-off Meeting Valencia 2011

The LHC: living with the Uncertainty Principle
Public talk by David Kaplan (Johns Hopkins University) 
at the Kick-off meeting
Video from http://www.lhcphenonet.eu/outreach

About 150 attendants



Outreach
Annual Meeting Durham 2012

About 50 students 
(ages 17 to 18) 
from six local 
schools.



Outreach
Mid-Term Meeting Ravello 2012



Networking
 Network wide events

 Web site at http://www.lhcphenonet.eu

 Network mailing lists: lhcphenonet@listas.csic.es and 
lhcphenonet_fellows@listas.csic.es

 @lhcphenonet

 Two supervisors from two partners

 Secondments, including industry

 56% of the publications from networked research:   
61 papers with two partners, 31 with three,             
and 12 with four or more 





Progress on 
Research Tasks 



http://www.lhcphenonet.eu/publications
Thanks to Tobias Kasprzik and Matthias Steinhauser



Work Packages

WP1: Precision
WP2: Discovery

WP3: Support to Experiments
WP4: Technological Innovations



WP1: Precision
The WP1 aims at advances in the complete modelling of
hard interaction events at the LHC for a large variety of
Standard Model (SM) processes at high precision:

 M1.1 V(VV) + n jets
 M1.2 Top quarks + n jets
 M1.3 Resummation
 M1.4 On-shell NLO amplitudes



M1.1 precise predictions at NLO or NNLO 
for the production of W, Z and γ bosons

• di-boson events WW, ZZ and WZ, in association with jets (LPN11-11,
LPN11-20, LPN11-22, LPN12-024, LPN12-025, LPN12-040, LPN12-
051, LPN12-058), photons (LPN11-14, LPN11-32, LPN11-38), or
bottom quarks (LPN11-85),

• dedicated analyses of the decays (LPN11-37),

• Two loop helicity amplitudes for Wγ and Zγ (LPN11-92),

• multi-jet production within QCD (LPN12-063, LPN11-30) for new
physics studies,

• Diphoton production a classical signal within the SM and an
important background for Higgs boson and new-physics searches
(LPN11-74, LPN12-082, Cieri) and parton-level Monte Carlo
program 2γNNLO.





M1.2 top-quark physics
the heaviest known elementary particle

• Off-shell effects (LPN11-09),

• precision predictions for the ̅ݐݐ production cross-section (LPN11-
80, LPN12-016, LPN12-42),

• top quark pair production in association with jets (LPN11-39),

• properties of the top quark, the charge or forward-backward
asymmetry (LPN11-52, LPN11-78, LPN11-81, LPN12-012,
LPN12-074),

• New theoretical tools for high precision calculations at higher
orders with heavy quarks have also been developed (LPN11-82,
LPN12-003, LPN12-004).



M1.3 resummation of large logarithms to 
improve accuracy of fixed order calculations

• Resummation of small-x logarithms in DIS (LPN11-44, LPN12-037) and the first-moment 
evolution of fragmentation functions (LPN12-083). 

• BFKL to jet phenomenology (LPN11-55,LPN12-054),  formal developments (LPN11-
64,LPN11-95,LPN12-014,LPN12-072,LPN11-27), numerical impl. (LPN12-070). 

• Running of heavy quark masses to high precision (LPN11-05,LPN11-08,LPN11-36). 

• Thrust distribution (LPN11-76, LPN12-023). 

• New developments in threshold resummations (LPN12-037), Sivers function numerical 
evolution (LPN12-027). 

• A general expression for the leading Reggeization-breaking operator at higher orders 
(LPN11-49, LPN11-50).  

• The development of new resummation techniques for soft divergences (Bonocore) by 
means of a first quantized path integral approach with Next-to-Eikonal (NE) accuracy, 
and application to Dell-Yan and DIS.



M1.4 efficient methods for the calculation of 
scattering amplitudes at NLO and higher orders

• The program PJFry for numerical evaluation of 5-point tensor integrals 
(LPN12-008, LPN11-72, Yundin),

• New tools and methods for one-loop integrals (Hosekova, Sevillano, 
LPN11-03, LPN11-07, LPN11-26, LPN11-65),

• Analytic results for hexagon integrals (LPN11-18, LPN11-21, LPN11-23), 

• Optimized one-loop helicity amplitudes with ̅ݐݐ	pairs (LPN11-06, Yundin), 

• Higgs plus multi-gluon scattering amplitudes at tree and one-loop level by 
using BCFW and CSW recursion relations (Chen),

• Numerical implementation of the loop-tree duality at the one-loop level 
(Buchta),

• Review articles published (LPN11-18, LPN11-47).





WP2: Discovery
The primary goal of the LHC is the search for the Higgs
boson and the comprehension of the mechanism of
electroweak symmetry breaking, this is the core topic of
WP2. As well as to explore signatures of new physics
beyond the Standard Model (BSM):

 M2.1 Higgs in vector-boson fusion (VBF)
 M2.2 Higgs-strahlung
 M2.3 BSM particles + n jets
 M2.4 BSM decays





M2.1 Higgs in vector-boson fusion (VBF) 
and  M2.2 Higgs-strahlung

 These experimental analyses have received great support for the
theory side and the activities of members of the network within WP2
have been essential for the success of the endeavor, by supplying
theoretical predictions of an unprecedented precision.

 Important contribution to the Report of the LHC Higgs Cross Section
Working Group (LPN12-007, Bagnaschi, Cieri, Kardos, Schönherr,
Tommasini), which summarizes the state-of-the-art theory
predictions for the main Higgs boson production and decay channels
at the LHC .





M2.3 BSM particles + n jets and M2.4 BSM decays
• Modifications of the Higgs sector in composite Models (LPN12-011,

Torre, LPN12-062),

• Anomalous couplings in double Higgs boson production (LPN12-069)

• photophilic Higgs boson from sgoldstino mixing (LPN12-075, Torre)

• Production of pseudo-scalar Higgs bosons to NNLO (LPN11-27), Dark
Higgs (LPN11-56) , Evasive Higgs (LPN11-61), skyrmions in Little
Higgs models (LPN11-57)

• Top-quark polarisation studies in Ht and Wt production (LPN12-028)

• Anomalous top-quark production at the LHC (LPN11-79).

• Supersymmetry (LPN12-064, LPN12-068, LPN11-45,LPN11-60,
LPN12-041, LPN12-087, LPN12-029,LPN11-46, LPN11-48).



• Extended gauge sector: narrow resonances (LPN11-12, Torre),
weakly constrained W' (LPN11-10, Torre) leptophobic W'
(LPN12-010, Torre) or isosinglet W' (LPN12-046, Torre)

• Left-right symmetric models (LPN12-044, Sevillano)

• neutral triple electroweak gauge boson production in the ADD
model (LPN11-68)

• graviton emission in Einstein-Hilbert gravity (LPN11-96)



WP3: Support to Experiments
The final goal of this WP is to establish a fluent collaboration with
our experimental colleagues, by providing codes and tools for the
next generation of event generators and parton level Monte Carlo
generators, incorporating the most recent computations in
perturbative QCD and in electroweak theory, and supplemented by
parton shower tools, decay packages and efficient implementations
of jet algorithms. Precise parton distributions in the proton, which
are determined from global analysis, are also an indispensable
ingredient in every cross section prediction at hadron colliders.

 M3.1 Jetography
 M3.2 PDFs from LHC
 M3.3 Parton level Monte Carlos
 M3.4 Resummation vs. exact higher orders



M3.1 efficient implementation and 
improving of jet algorithms

• new version of FastJet
(http://fastjet.fr/), a C++ 
package that provides a broad 
range of jet finding and analysis 
tools, released (LPN12-015),

• Jet properties in heavy ion 
collisions (LPN12-017). 



• New analytic results at three loops that are relevant for the extraction of 
parton distribution functions from the data in DIS (LPN12-036, LPN11-35, 
Ablinger, Hasselhuhn, LPN12-048 , LPN12-079, LPN11-34) 

• Fast and precise Mellin-space implementation to extract the strange quark 
distribution in neutrino-nucleon scattering (LPN11-19, Hasselhuhn),

• Unfolding procedure to fit parton distributions (LPN12-002),

• New global analysis of nuclear parton distribution functions (LPN12-005),  

• Unintegrated sea quark density from forward Z boson production (LPN12-
050), and BFKL resummation to fit DIS data (LPN12-071), 

• Fixed-flavour-number scheme (LPN12-039) used in the ABM11 parton
distribution set (LPN12-086, LPN11-29) established,

• Benchmarking of cross-sections at NNLO and comparison of different PDF 
sets (LPN12-033).

M3.2 parton distribution functions



M3.3 Monte Carlo event generators

• implementation in the POWHEG approach of Higgs boson 
production via gluon fusion in the SM and in the MSSM 
(LPN11-93, Bagnaschi).



example of cooperation between 
theory and experiment within the 
network

collaboration between the CMS group at ETH
Zürich and the theory group at Debrecen leading
to the first observation measurement of ܹݐ̅ݐ and
ܼݐ̅ݐ at the LHC.

A public conference note exists, and soon a CMS
paper will appear. In this collaboration, the theory
group provided the NLO predictions (LPN12-009,
LPN11-91, Kardos).



M3.4 parton showers

• A new process-independent technique to consistently combine NLO parton-
level calculations and parton showers (LPN12-045, LPN12-080, LPN12-081,
Schönherr), providing a significant reduction of theoretical uncertainties,

• A Bayesian model to characterise the perturbative theoretical uncertainty in 
terms of a credibility interval for the remainder of the series (LPN12-018),

• Multi-scale scheme for the assignment of factorization and renormalization 
scales (LPN12-059), NLO extension of reweighting in merging algorithms.



WP4: Technological 
Innovations

To face the challenge for collider phenomenology in the
development, implementation and application of efficient and fast
beyond the state-of-the art algorithms for multi-loop and multi-leg
calculations, both at the numerical and the symbolical level.
Fundamental innovations in quantum field theory. Manipulating
large sequences of algebraic expressions and fast factoring of
polynomials by innovative algorithms.

 M4.1 Multi-loop on-shell recursions
 M4.2 Equation solver
 M4.3 Computer algebra 2.0
 M4.4 Open FORM



M4.1 Multi-loop on-shell recursions
• Reduction methods at the integrand level for one- and two-loop 

amplitudes (LPN12-076, Malamos),

• Multiple propagators compatible with generalized unitarity (LPN12-
020), and the loop-tree duality method (LPN12-57, Buchta, 
Malamos),

• Novel substraction methods of infrared divergences at NNLO for 
massless partons (LPN11-75, LP11-99), and massive final state 
quarks (LPN12-035, Dekkers),

• SecDec 2.0, a program for the numerical evaluation of multi-loop 
integrals (LPN12-049),

• Generalized version of the collinear factorization theorem at all 
orders in the space-like region (LPN11-94).



M4.2 Equation solver and 
M4.3 Computer algebra 2.0: how to manipulate 

large sequences of algebraic expressions and fast 
factoring of polynomials and special functions

• a Mathematica package with a new algorithm to find holonomic
recurrences (Round). 

• Generalized harmonic sums and polylogarithms, algebra, relations and 
asymptotic expansions (LPN11-24, LPN11-100, LPN12-38, Ablinger, 
Hasselhuhn). 

• Mathematica packages HarmonicSums and MultiIntegrate (Ablinger), 

• computation of 2- and 3- loop massive Feynman diagrams (LPN11-41, 
LPN11-67, LPN11-13, LPN12-052, LPN12-055, Ablinger, Hasselhuhn).

• Major achievement in analytical computations with symbols in multi-loop 
calculations (LPN11-53). 



Summary: Overview of Deliverables
Del. 
No Deliverable Title Expected 

date
Delivery 

date Comments

1
LHCPhenoNet logo and 
website

-2 -6 http://www.lhcphenonet.eu

2 1st Annual Report 13 14
1st version delivered on 

month 13

3 Mid-Term Report 19-21 20
Mid Term Review Meeting 

in month 21

4 ESR positions filled 42 21
390 person/months 

appointed out of 492

5 ER positions filled 36 21
48 (+12) person/months 

appointed out of 108

6 Scientific Publications Throughout 20

187 publications from Jan 
2011 to Sep 2012,         

39 co-authored by the ER 
and ESR fellows

7 Open source codes Throughout 20 See Tables 7, 8 ,9 and 10


