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Advanced Particle

LHCph@D( >net Phenomenology

http://www.lhcphenonet.eu/ in the LHC era

Marle Curle In|t|aI 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

.
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Research goal

higher order perturbatsi
iIn the Standard Model
with emphasis on phe
the LHC, and the de
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LHCPhenoNet node structure

Network Partners Institutions involved Scientist in charge

CSIC, Universitat de Valéncia,

Universidad Autonoma de Madrid GermaniRodiag

2 - Argentina Universidad de Buenos Aires Daniel de Florian

CNRS, Université Paris VI, CEA Matteo Cacciari

DESY, Humboldt-Universitat zu Berlin, KIT Karlsruhe,

Universitat Wuppertal, MPl Minchen Syen-Qlal Moch

4 - Germany

5 - Hungary Debreceni Egyetem Zoltan Trocsanyi
INFN, Universita di Firenze,

6 - Italy Universita di Milano-Bicocca, Universita di Pavia, Vittorio Del Duca
Universita Roma Tre, Universita di Ferrara

7 - Netherlands FOM Eric Laenen

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

Durham University, Liverpool University, Adrian Signer »

Cambridge University, Oxford University Daniel Maitre (Feb 2012)

10 - Switzerland Universitat Zurich, ETH Thomas Gehrmann

11 - RISC RISC Software GmbH, Universitat Linz Wolfgang Freiseisen

AP1 - CERN CERN Michelangelo Mangano

aicsbiEigln Wolfram Research, Inc Roger Germundsson

Research

AP3 — Maplesoft Maplesoft™ Jurgen Gerhard



o VNIVERSITAT
+CSIC "

IFIC Valencia German Rodrigo

Amparo Llorens Network management
Sebastian Buchta ESR (Jan-Nov 2011)
Lucia Hosekova ESR (Nov 2011-Oct 2012)
loannis Malamos ER (Mar 2012-Feb 2013)

Petros Draggiotis
Grigorios Chachamis
Francisco Campanario
Vicent Mateu
Michal Deak

IFT Madrid Agustin Sabio Vera

Riccardo Torre ESR at Universitat Zurich
(Jan-Mar and Jul-Aug 2011)

Martin Hentschinski
Clara Salas
Eduardo Serna

g José Daniel Madrigal LHCphenCnet
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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

O]

Karlsruhe, Firenze, Buenos Aires, CERN, Durham, Zurich

Meetings

O]

Kick-off meeting 2011

LHCphenCnet



Progress on

Training and

Management
Activities
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. Working Groups D

WP1-Precision
WP2-Discovery
WP3-Supp. to Experiments

WP4-Tech. Innovations .
MARIE GURIE

Supervisory Board (SB)

German Rodrigo (chair)
Sven Moch (co-chair)
Team coordinators
Industry representatives ‘ \!*?‘“n:
Roger Hernandez (ER/ESR) o ‘

e v o

Training Outreach
Board (TB) Board

Johannes Blumlein | (OB)

ngfgf:nelf:i:ngn Recruitment A
Team (RT) o,

Peter Paule
Matteo Cacciari
Aude Gehrmann |
G. Rodrigo

Gavin Salam

LHCphenCnet



= 4 calls for ER/ESR

http://www.lhcphenonet.eu/jobs positions

Thanks to Matteo Cacciari (LPTHE Paris)

= Next call in Sep-Oct

Call 4 -- ESR/ER grants 2012 in LHCPhenoNet
Online Application Procedure

INSTRUCTIONS

1. Please fill in the form below and click on the "Submit Online Application" button at the end of the form. Do NOT submit the
application form more than once.

2. Shortly after submitting the form you will receive an automated confirmation e-mail containing your application ID number.

3. An email will be sent directly to your referees that you nominate in your online application. This email will contain their
username and password and a link which will take them to a secure, confidential web interface. It is important that you inform
your referees beforehand about your application to LHCPhenoNet, so that they expect an email from us.

4. The referees can use this web interface to submit their recommendation letter directly into your application file on the
LHCPhenoNet server and they will receive a confirmation. This procedure is simple and secure.

All information and documents submitted by you and your referees is stored in a confidential database, which can be accessed
only by the LHCPhenoNet Recruitment Board. We appreciate your cooperation with this application procedure.

If you have any difficulty in using this web interface, please send an email to cacciari AT Ipthe jussieu.fr

GENERAL INFORMATION (All fields are mandatory)

First name | |

Last name | |




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
loannis Malamos ER M4 .1 01/03/2012 28/02/2013
Argentina Roger Hernandez 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 Schonherr 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 31/03/2011
01/07/2011 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 Viadimir A. Smirnov (Moscow State University) 06/10/2011 20/10/2011
08/02/2012 18/02/2012
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Appointed fellows in 2012 after the Mid-Term Meeting

Partner

Fellow

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
Iltaly Adam Kardos ESR | M2.2M3.3 01/01/2013 31/03/2014
Netherlands Kasper Larsen ER M4 .1 01/10/2012 30/09/2013
Poland levgen 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 ESR | M3.2M4.3 01/10/2012 30/09/2014
Hasselhuhn

Visiting Scientist

Starting Date

Ending Date

Italy Viadimir A. Smirnov 09/09/2012 22/09/2012
Moscow State University
Netherlands Lorenzo Magnea tbc
Universita di Torino
of LHCphenCnet




Implemented versus foreseen ESR+ER person/months 2011 to Sep 2012

m foreseen
35 1

® Implemented
30

25 A

20 -

171 person/months
implemented versus

15 -

228 foreseen
10 -

CSIC  UBA CNRS DESY INFN ub FOM us UDUR  UzH RISC

Appointed versus foreseen ESR+ER person/months 2011-2014

20 m foreseen
1 ® appointed
60

50 -

40

30

73 % appointed

20

10 -

New ER at UBA
just accepted

O .

csic UBA CNRS DESY INFN

ub FOM us UDUR  UZH

RISC
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ESR/ER nationality
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LHCPhenoNet

Advanced Particle Phenomenology in the LHC era

Research Teams

Deliverables Fellows site Highlights ITN Events Jobs Outreach

Zeuthen Theory Postdoc positions Event Calendar

By mallose, September 11, 2012 9:43 am L) Comments Off « Aug N Oct »
September 2012

DESY is seeking: Several Postdoc (f/m) positions Work will start on 1 October 2013. Deadline for

applications:10 January 2013. M T W T F S S
For further information please contact Prof. Dr. Johannes Blimlein: johannes.bluemlein@desy.de.
For details see the webpage : http://theory-zeuthen.desy.de/. 3 4 5 6 7 8 9

=1 Jobs nn —

17 18
24 25

TH/LPCC Institute on SM at the LHC

By mallose, August 13, 2012 8:55 am ) Comments Off

| October 1, 2012 to October 12, 2012

EICERN @ twitter

7 RT @isgtw: Ayear's amount of 2LHC

data would be 600 million years of
THILPCC Institute on SM at the LHC #music. #Higgs boson would appear as

CERN, Geneva, 1-12 Octubre 2012 afew minutes of music. http: ... about 1

&3 Events month ago from web

[+

| LHC 2012 proton run extended by seven
weeks http:/it.co/9f78Jkfj about 1 month
ago from web

Un té con Peter Higgs

=  Of Mind and (sub-atomic) Matter —
By Ihephenonet, July 9, 2012 1053 am =) Comments (0)

European Brain Council @CERN
An interview with Peter Higgs by Vittorio del Duca, published by the INFN journal, Asimmetrie httpi/it.co/fTRvIkyl about 1 month ago

. _ from web
English version

» How CERN's LEIR accelerator could
£ Highlights help serve biomedicine http/itco
NAIOHMEBO abhait 1 manth ann from



LHCPhenoNet

Advanced Particle Phenomenology in the LHC era

Home About Deliverables

Teams

By Ihcphenonet, August 5, 2010 2:43 pm

Fellows site

Highlights

ITN Events Jobs Outreach

M Entries RSS | Comments RSS

Search...

Teams

Event Calendar

N

« Aug

September 2012

The consortium consists of 12 teams from 28 European Universities and Research Institutes, the University of

Buenos Aires, CERN, and 3 partners from the industrial sector. T F
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To see LHCPhenoNetin a larger map

Search:

EICERN @ twitter

31 RT @isgtw: Ayear's amount of #LHC
data would be 600 million years of
#music. #Higgs boson would appear as
a few minutes of music. http: ... about 1
month ago from web

51 LHC 2012 proton run extended by seven
weeks http://t.co/9f78Jkfj about 1 month
ago from web

) Of Mind and (sub-atomic) Matter —
European Brain Council @CERN
http:/it.co/fTRvIkyl about 1 month ago
from web

| How CERN'’s LEIR accelerator could
help serve biomedicine httpi/it.co
MXAIQHMBQ about 1 month ago from




Network
Events

® Annual meetings to coordinate the net
research progress (Supervisory Boarc

® Network schools to complement local

@ Priority to presentations by young res
ER) to enhance their presentation skills

® Training in complementary skills: ES ¢
the Local Organizing Committees.

® Create a networked community, ope r

u
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Kick-off meeting of the LHCPhenoNet Initial

Training Network, Valencia, Spain, 1-4 February 2011
http://www.lhcphenonet.eu/valencia2011

. ‘ Eg PN e el i i g
about 70 partiefpants

One session devoted to ESRS presentations:
Sebastian Buchta;, Valery Yundin and Riccardo Torr’

Presentations by inadustry partn =000
Dave Hare (Mapl€soft), Oleksandér Paviik (Wolfras
and Roman Stainko (RISC) - -

Cultural
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LHCPhenoNet Annual Meeting
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i

91 participants, including industry partners, 37 presentations



School of Analytic Computing Iin

Theoretical High-Energy Physics

Atrani, Italy, 6-11 October 2011
http://www.Ihcphenon‘et.:e-u:/atr_anng1 1

- e : f“, ,' e,
= e SASpectiof scattering amplitudes
Eg son logps/in N=4 SYM

Simon Caron-Huot
Johannes Henn

Luis F. Alday jlitudes at strong coupling

~o T

Claude Duhr, entun Jecial unctioTré:and ymbols
Henrik Johansson & & "N= \=8supergravffly amplitudes
Volodya Smirnov - Mt tilpop-Reynmanintegrals
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LHCPhenoNet

Stefano Franscini Conferer
Monte Verita, Ascona, Swi
22 - 29 January 2012

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 Verita, Ascona, Switzerland

22 - 29 January 2012

4
LHCphen e




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

&L

JNES EL NtPiIT LINZ
RESEARCH INSTITUTE FOR SYMBOLIC

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

5 LHCphenCnet

q
MARIE CURIE



evaluation questionnaires of the network schools

Atrani Ascona Linz
2011 2012 2012
4.3 4.5 4.1
4.2 4.7 4.0
4.1 4.1 3.8
2.8 3.2 3.4
4.7 4.1 4.3
4.0 4.3 4.0
3.0 3.5 3.6
5 LHCphenc
£ p enenet
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Network event

Web site Partici

Month

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

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

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

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

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

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

pants

http://www.lhcphenonet.eu/

valencia2011 L
http://www.lhcphenonet.eu/

atrani2011 o
http://www.lhcphenonet.eu/
ascona2012 6 i)
http://www.lhcphenonet.eu/ 51
durham2012
http://www.lhcphenonet.eu/

linz2012 o)
http://www.lhcphenonet.eu/ 43

ravello2012

Next meetings

Computer Algebra in Particle Physics, DESY
Zeuthen, Germany, Mar 10-15, 2013

Summer School
Annual Meeting
Summer School
Final Meeting

Katowice 2013
CERN 2013
Debrecen 2014
Berlin 2014

13

15

19

21

27

33
36
44
48



Secondments to the industry partners
coordinated by Johannes Blumlein

Wolfram # Roman Derco (Debrecen) Sep-Dec 2012

Mathematica | |
# Domenico Bonocore (Paris) Sep-Dec 2012

# Emanuele Bagnaschi (Amsterdam) Sep-Dec 2012
) g

—~ _ _
Ma Iﬂ§0ft #® Lucia Hosekova (Valencia) Jan-Mar 2013
n # Xuan Chen (Durham) tbc

Mathematics » Modeling = Simulation

# Radomir Sevillano (Katowice) Oct-Dec 2012
# Michael Ochman (Katowice) Oct-Dec 2012

LHCphenCnet



Outreach

Kick-off Meeting Valencia 2011

------

%, y | | -‘, J
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The LHC: living with the Uncertainty Principle
Public talk by David Kaplan (Johns Hopkins University)

at the Kick-off meeting

Video from http://www.Ihcphenonet.eu/outreach

n
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0
=
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About 150 attendants LHCDh@HOH@t
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l-HC phenonet AnnugaliVieeting 2012
3 1 h
K

Special'Eventifor-SixthiReumStudents
AlUNIGUEIo PPNty £0 e XGET ENCERHEIRIIMOos phere ofan u re a C

internationglhoonfere e anauaIEa It HVOT 0 JeadingISIETISTS:

Wed day March 21st 2012 H
e e at 130w | Annual Meeting Durham 2012

‘Ask a particle physicist’ panel at 2:30pm
Coffee at 3:00pm

A TUNNIZEL TO Trl=2 S2G i NINIG OF 1 Li3!
by Dr. Pete Edwards

In November 2009, following repairs, the start button for the biggest scientific experiment in the history of mankind was pressed.
Using the Large Hadron Collider (LHC) we hope to travel back to the Big Bang, create mini black holes, and reveal the nature of the
dark side of the universe. Come along to explore the ir scale of the experiment, find out how the LHC works, and ponder
some of the big questions it will address.

You must register to attend this event. Lumley Castle Hotel
Please email: trudy.forster@durham.ac.uk Chester le Street
Closing date for applications is Sunday 4th March 2012 C°UHWD%%T::I';

http://lwww.ippp.dugss

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

Mid-Term Meeting Ravello 2012

LHCPhenoNet Mid-Term Meeting

Il CERN, I'acceleratore LHC e il bosone di Higgs °*

Aleandro Nisati | INFN - Sapienza [4 Auditorium inme ver
Ravello, ltaly
interviene : www.lhéphenonet.eu/ravello2012

Paolo Vuilleumier | sindaco di Ravello

giovedi 20 settembre 20121 18:30
5 ingresso libero

£ a L
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Networking

Network wide events
Web site at http://www.lhcphenonet.eu @WORDPRESS

Network mailing lists: Ihcphenonet@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

LHCphenCnet




The Bulletin

I News Articles || Official News

I Rendez-vous with
"InGRID"

1 Knowledge dissemination:
a core mission

i LHC RE‘EOItZ A spring clean
for the beam pipe

1 ALICE's wonderland
reveals the heaviest
antimatter ever observed

I New EU project supports
LHC theorists

I CERN students display
their work

I Centenary of the discovery
of superconductivity

1 ISOTDAQ - where students
learn about trigger and
data acquisition

I Full metal jacket!

1 A qift for the Happy
Children's Home
orphanage

I Ombuds’ corner:
may be beneficial

Disputes

I News from the Library:
Browse Library books
directly from your desktop

I Lionel METRAL
(1966-2011)

Archives | Contact us | Sign Up! | Staff Association | CERN Home

search  english | frangais
Issue No. 15-16/2011 - Monday 11 April 2011
Printable version

I Training | Announcements || Staff Association

New EU project supports LHC theorists

LHCPhenonet, a new EU-funded research network aimed at
improving the theoretical predictions that guide the LHC
experiments, has begun its 4-year run as a Marie Curie Initial
Training Network. CERN joins the network as an associate partner,
along with almost 30 multinational institutions and computing
companies.

LHCPhenonet will create
research opportunities for
young, talented European
theorists, providing funding
for both doctoral and
post-doctoral positions across
the various participating
institutions - including the
University of Durham, DESY,
and the Istituto Nazionale di
Fisica Nucleare (INFN).
LHCPhenoNet aims to improve
the Quantum Field Theory
calculations that set the parameters of the LHC experiments, focusing
on the LHC phenomenology that gave it its name. The 4.5 million euro
project is funded by the EU's 7th Research Framework Programme and
will be coordinated through the Spanish Research Council (CSIC) and

Theorists from around the world gathered in
Valencia to attend LHCPhenonet's kick-off
meeting.




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

AT

Karlsruhe Institute of Technology

Institute for Theoretical Particle Physics (TTP)
LHCPhenoNet Preprints 2012

2011 Recent

All about LHCPhenoNet preprints

e LPN12-092

tthar W and t tbar Z Hadroproduction at NLO accuracy in QCD with Parton Shower and Hadronization effects
by M.V. Garzelli, A. Kardos, C.G. Papadopoulos, Z. Trocsanyi
also available as arxiv: 1208.2665

e LPN12-087

Supersymmetric next-to-next-to-leading order corrections to Higgs boson production in gluon fusion
by Alexey Pak, Matthias Steinhauser, Nikolai Zerf
also available as arxiv: 1208.1588

e LPN12-086

ABM11 parton distributions and benchmarks
by S. Alekhin, J. Blumlein, S. Moch
also available as arxiv: 1208.1444

e LPN12-084
Single-top t-channel hadroproduction in the four-flavour scheme with POWHEG and aMC@NLO
by Rikkert Frederix, Emanuele Re, Paolo Torriell
also available as axiv: 1207.5391

e LPN12-083
Resummed small-x and first-moment evolution of fragmentation functions in perturbative QCD
by C.-H. Kom, A. Vogt and K. Yeats
also available as amxiv: 1207.5631

e LPN12-082

Diphoton spectrum in the mass range 120-140 GeV at the LHC
by Leandro Cieri
also available as amxiv: 1207.3252

snenet



Work Packages

WP1: Precision
WP2: Discovery
WP3: Support to Experiments
WP4: Technological Innovations

LHCphenCnet



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:

® M1.1V(VV) + n jets
® M1.2 Top quarks + n jets

® M1.3 Resummation
® M1.4 On-shell NLO amplitudes

LHCphenCnet



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

« di-boson events WW, ZZ and W/Z, 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 Wy and Zy (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 2yNNLO.

5 LHCphenCnet

MARIE CURIE




—— NNLO  MSTW 08 o[ “<_ uoe
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LHC 14 TeV |
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Distribution of the invariant mass of the photon
pair at the LHC (14 TeV): LO (dots), NLO
(dashes) and NNLO (solid) results. The inset
plot shows the corresponding K-factors,
defined by the ratios NLO/LO and NNLO/NLO
(LPN11-74, LPN12-082, Cieri).
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Diphoton cross section as a function of the
azimuthal separation of the two photons. Data
from CMS at 7 TeV are compared with the
NLO and NNLO calculations (LPN11-74,
LPN12-082, Cieri)

LHCphenCnet



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

Off-shell effects (LPN11-09),

precision predictions for the tt 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).

LHCphenCnet



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.
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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 tt 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).
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Numerical stability of one-loop corrections to photon-associated muon-pair production with the
program PJFry in comparion with the LoopTools code (LPN12-008, LPN11-72, Yundin).
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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

LHCphenCnet
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M2.1 Higgs in vector-boson fusion (VBF)
and M2.2 nggs-strahlung
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® 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, Schonherr,
Tommasini), which summarizes the state-of-the-art theory
predictions for the main Higgs boson production and decay channels

o atthe LHC. LHCphenCnet
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SM Higgs boson production cross sections at the LHC with 8 TeV (left), and total cross section
times the branching ratio (right). The transition for VBF at My=300 GeV is due to change from

zero-width approximation to the complex-pole-scheme. Plot based on contributions of members
and ESRs of the network (LPN12-007, Bagnaschi, Cieri, Kardos, Schénherr, Tommasini).
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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).

LHCphenCnet



LHC 95% CL exclusion

Y300 600 800 1000 1200 1400 1600 1800
My (GeV) My (GeV)

Contours in the (Mw- , g4/g) plane for 5o discovery (left) and 95% CL exclusion (right)at 7 and 8
TeV LHC for an integrated luminosity of 0.1, 1 and 5 b’ commesponding to the continuous,
dashed and dotted lines. Also shown are the Tevatron dijet (red) and tb (blue) exclusions,
together with CMS exclusion with 2.9 pb’ (Torre)

« 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)
5 LHCphenCnet
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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

LHCphenCnet



M3.1 efficient implementation and
improving of jet algorithms

Yt * new version of FastJet
3 (http://fastjet.fr/), a C++
package that provides a broad
Hadrons are . . . .
dustered  Fange of jet finding and analysis
togetherto - tools, released (LPN12-015),

make jets

« Jet properties in heavy ion
collisions (LPN12-017).
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M3.2 parton distribution functions

* 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).
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M3.3 Monte Carlo event generators

ml_ T T T T ] mr_

180f

my (GeV)
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10 0 % r %0 10 2 % 20 50
tan g tan 8

Ratio of the total cross section for h production in the MSSM over the cross section for the

production of a SM Higgs boson with the same mass. The plot on the left is for p>0 while the
plot on the right is for p<0 (LPN11-93, Bagnaschi).

* implementation in the POWHEG approach of Higgs boson

production via gluon fusion in the SM and in the MSSM
(LPN11-93, Bagnaschi).
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example of cooperation between
theory and experiment within the
network

collaboration between the CMS group at ETH
Zurich and the theory group at Debrecen leading
to the first observation measurement of ttWW and
ttZ 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, ).

LHCphenCnet



M3.4 parton showers

Transverse momentum of Higgs boson in pp — h + jef + X Transverse momentum of leading jetin pp — h + jef + X
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Predictions and uncertainties for the transverse momentum of the Higgs boson (left) and the
leading jet (right) in Higgs boson plus jet events (my=120 GeV) at LHC 7 TeV (LPN11-58,
Schénherr).
* A new process-independent technique to consistently combine NLO parton-
level calculations and parton showers (LPN12-045, LPN12-080, LPN12-081,

Schonherr), 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.

LHCphenCnet
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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

LHCphenCnet



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).

LHCphenCnet



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 Multilntegrate (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).
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Summary: Overview of Deliverables

Expected Delivery

Deliverable Title date date Comments
LHCPh Net |
1 o : HONEHC e -2 -6 http://www.lhcphenonet.eu
website
st i i
2 JREnual Report 13 14 1st version delivered on
month 13
3 | Mid-Term Report 19-21 20 b Ter.m SRl
in month 21
. : 390 person/months
4 |ESR fill 42 21
SlaFeerliemsiles appointed out of 492
+
5 | ER positions filled 36 21 =& Jpeson/months

appointed out of 108
187 publications from Jan
2011 to Sep 2012,

39 co-authored by the ER
and ESR fellows

6 | Scientific Publications Throughout 20

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