Work Plan HEPTOOLS

As a network, we can make intelligent use of our collectiveeziise to set important new objectives which are
beyond the capabilities of individual institutions or teanthese objectives can be classed in the following three
areas. In each area, the key activities where major brezlkdins can be expected are showitatics (see also the
graph below).

Renormalisation

Loop integrals

Multi-particle amplitudes

Monte-Carlo generators

Computer algebra

Discovery physics

‘ Higgs boson(s) ‘

Precision calculations

‘ High-precision physics ‘

‘ SUSY particle production

Indirect effects of
new physics

‘ Alternative new physics ‘

‘ Multi-particle production

‘ Top and bottom physics

(i) Tools. Many tools for high-energy physics have been developed byimees of our network. On the one hand,
these include Monte Carlo generators that can directly bd by experimentalists. On the other hand, analytical
and numerical methods have been developed for the evaiuatitarge numbers of Feynman diagrams, which
are needed to construct suitable Monte Carlo generatorgtesent there are severe limitations on the number of
particles (legs) and number of loops that can be calculddedever, exploiting the physics potential of the LHC
and ILC requires the development of even more sophistid¢atds for more precise calculations of multi-leg and/or
multi-loop processes. It is crucial to develop the toolsunlsa way that they can be transferred to extensions of
the SM, such as the minimal supersymmetric (SUSY) exterdditiie SM , the Minimal Supersymmetric Standard
Model (MSSM).

(1) Renormalization

Renormalization plays a crucial role in particle physicke Tenormalization counterterms are needed in all pre-
cision calculations and we will provid@mplete renormalization of the SM at two-lo@sswell as of the1SSM

at one loop TheHiggs sector of the MSSM particularly interesting and we will work out the renoliration
needed fopbbservables in the Higgs sector at two-loop order includdRyviolating effectsWe will alsoimprove

the predictions for physical observables using renornagion group methodand determine thenass spectrum

of extensions of the ShY relating the masses to parameters at a high-energy scale.

(2) Loop integrals

Complicated short-lived quantum fluctuations or loop dfeddter the size of physical cross sections and open
up a window to physics at energy scales far above those altf@iim human-made accelerators. Their evaluation
is vital, and we will develop both analytical and numericathniques for evaluatingulti-particle one-loop
graphs two-loop vertexandtwo-loop box graphsvith and without internal masses that are vital for strond an
weak interaction processes at the LHC and ILC. The undeylgiathematical methods, involving for instance
generalized harmonic polylogarithms and an automatizedtmilellin-Barnes integrals, will be further improved.

(3) Multi-particle amplitudes

New particles will be observed through their decays intaowes SM particles — jets, leptons, etc. Multi-particle
tree graphs yield the leading-order estimate of the sizeewf physics effects, but generally evaluation at higher
orders is required. We will extend our techniques for autiicaly calculating tree graphs to the evaluation of
the one-loop amplitudes for processes with more than fotareal legssuch as four-fermion production at the
LHC and ILC. We will study a new class of recursion relatiomgently discovered by studying duality between
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Yang-Mills gauge theories and topological string theorg artend these techniques to obtaiproved recursion
relations for tree-level as well as one-loop multi-parieimplitudes

(4) Monte Carlo generators

Numerical methods play an essential role in determiningipeepredictions for physical observables. We will
construct and validate generataossitable for tree processes and work ondhéomated evaluation of strong and
weak interaction correctionat one loop. A major focus will be to combine strong QCD and kvearrections
in Monte Carlo programs that can be used to analyze LHC dbtareover, we will implemen8USY spectrum
calculationsinto Monte Carlos.

(5) Computer algebra

The complexity of multi-particle multi-loop processes u@gs the use and development of algebraic programs
based on systems [IRATHEMATI CA, MAPLE or FORM We will further refine these packages and apply them to
automatically generate and calculate one-loop amplitudis more than four external legas well agwo-loop
amplitudes A common problem is the handling of the systems of equatietating loop integrals. We will
developalgebraic packages to exploit the integral relations ant/edor the master integralsAs most of the
outstanding problems can only be solved by intense use opatenalgebra programs suchBGRM involving
very long run-times, parallel versions of this code havegaéveloped.

(if) Precision Calculations. In order to exploit the potential of large colliders as mushpassible, precision
calculations including both strong and electroweak cdiwas are mandatory. These calculations, needed for
both the LHC and the ILC, require the use of the sophisticdets developed within and outside our network
to calculate higher-order radiative corrections and psses with a larger number of particles. These calculations
should not only be performed in the SM but also in extensibassof since the new physics indirectly gives rise to
extra corrections to SM processes. Moreover, once new ghikisis been established it has to be taken into account
in all analyses. Therefore we aim at developing tools thanaodel independent and flexible.

(6) High-precision physics
At hadron colliders all processes are affected by sizaliéetsfof the strong interaction which are typically at the
order of 20-50%. The calculation of these strong correstignital for the analysis of all experiments. We aim to
compute the strong interaction corrections for importaatpsses such as vector boson pair production including
finite quark mass effects at next-to-leading ordsmvell as the dominant effectsraxt-to-next-to-leading order
Next-to-next-to-leading QCD corrections to the Drell-Yancess and single W- and Z-boson productoe of
key importance, since these processes serve as luminositifars at LHC. Next-to-leading order electroweak
effects are expected to be of a similar size as the nextsttindeading order strong effects. We will evaluate
the weak corrections to strong processesl implement them iMonte Carlo generators At high energies,
the electroweak corrections become more important owintipecappearance of large logarithmic effects and
can reach 20% or more at LHC energies. Therefore, we will usenew tools to evaluate thlarge strong
and electroweak corrections for the most important proesss the LHCsuch as those required for accurate
measurements of the W mass. In particular, we idiéintify the large electroweak logarithms and resum them
and calculate thiarge polynomial electroweak corrections in the MSSM Higgstorrelevant for both LHC and
ILC processes. We will use and extend soft gluon resumméticimiques to improve SM predictions for Higgs
production via gluon fusion and to estimate power-supesffects affecting the determination of the jet energy
scale at hadron colliders.

In the cleaner environment of lepton colliders the accuracthe experiments is much higher, and theoretical
predictions need to be often more precise. This requiresra samplete inclusion of higher-order electroweak
corrections besides those of the strong interaction. lermtaimprove the current level of precision tests of the
electroweak theory, in particular in view of the prospeetxperimental accuracies at the ILC, comptete-loop
corrections to fermion-pair production processegiBhabha scatteringre required.

(7) Multi-particle production

For processes with four fermions in the final state ftlleone-loop correctionsire required in order to match the
accuracy of the ILC, in particular in the threshold regionWé-pair production. The predictions and Monte Carlo
generators fosix fermion productionvill be improved by including higher-order corrections.the LHC, multi-
particle states are extremely abundant and potentiallyntask the production and decay of heavy objects. We
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will use the new techniques and tools developed within theod to compute thetrong corrections to processes
with four and six particlesn the final state. Moreovettee-level generatorwill be developed to describe LHC
processes with even more particles in the final state.

(8) Top and bottom physics

The production and decay properties of top and bottom quenksensitive probes of possible effects of new
physics. So far, we do not know very much about the top quadkitarinteractions, although the large top quark
Yukawa coupling gives it a unique relationship with eleateak symmetry breaking. Amongst other things, we
will compute thestrong corrections to single top production and top-paioguctionat the LHC. We will identify
strategies for determining the top quark properties@ntstrain models with non-standard top interactioRer
what concerns the bottom quark, the experimental resultseaB factories started a new phase of precision
measurements, which will continue at the LHC. Precisioruations insemileptonic and radiative B decays
have become necessary. We will study strong and electroe@adctions to these processes and their impact on
the determination of the CKM matrix elements and the quarkses.

(iii) Discovery Physics. Our network focuses on questions related to electroweakrstny breaking and the
origin of mass together with the (related) quest for moreeg@irsymmetries and other features than those already
proven to exist. Among the main challenges to be met at the BHEILC are the discovery of the Higgs, the
search for SUSY particles and the determination of theiperties, and the identification of any possible new
physics that could show up at the TeV scale. In particularyieexplore mechanisms for stabilizing the huge
hierarchy between the weak scale and the Planck scale.

(9) Higgs boson(s)

The Higgs boson as one of the key ingredients of the StandadMs still undiscovered. If it exists, it will almost
undoubtedly be discovered at the LHC. However, its spin @ridgs, its quantum numbers, and its couplings
with other particles must be measured with high precisigrt$oidentification. Therefore, we will develop and
work out in detailimproved strategies for searching for and identifying thigds$ boson In SUSY models, the
phenomenology of Higgs bosons can be completely diffenemmh fthe SM. We will systematically study and
develop strategies fdiggs search in non-standard scenariod/e will also make mor@recise predictions of
the Higgs production cross sections and transverse momedistributions including strong and electroweak
corrections and taking into account CP-violating effects

(10) SUSY particle production

SUSY patrticles are among the most eagerly anticipated phyargets of the LHC and the ILC. Therefore,
we will develop strategies for identifying supersymmetry at th&latd improve the theoretical predictions
for production and decays of SUSY particles. Exploiting tladculational flexibility of the tools developed in
this network, we are planning, for instance, to perfduth one-loop calculations for the production of SUSY
particles including their decayThe LHC and ILC have quite different strengths and will #fere yield highly
complementary results. We will perfordetailed studies of the synergy of the LHC and ILC in seardbes
supersymmetry and other kinds of new physics and work oughected physics gainother crucial area of
study isCP and flavour violation in extended SUSY modeld the impact they may have on SUSY mass spectra
and the production and decays of SUSY particles.

(11) Indirect effects of new physics

Precision measurements of rare decays can provide impadastraints on the SM and its extensions. They
can be performed at dedicated facilities at low energiesisatat the LHC. We will calculatLO SUSY effects
in radiative and rare B decayand deriveconstraints from B and K physics on the SUSY particle spectru
Moreover, we will study thémpact of SUSY particles on the determination of the CKM imatr

(12) Alternative new physics

We will study the effects of other possible new particles enteractions at high-energy scales on a large variety
of LHC and ILC observables. We will investigaf-violating effects in the leptonic sectand thephenomeno-
logical consequences of different SUSY scenarios on meyttiysics We will derive constraints on new physics
models from bounds on the dark matter relic dendite will also be concerned with other more speculative the-
ories such afttle-Higgs theoriesKaluza-Klein excitations in theories ektra dimensionsvhich are motivated

by string theory, and phenomenological implications aba-commutative space-time
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The different tasks require different and complimentanystise and will be treated accordingly by the appropriate
sub-groups of the overall collaboration. The allocatiothefse tasks between the participants is shown in Table 1.
The convenorsin collaboration with the participants wlidisely monitor the progress in each task anddtientific
committeewill come up with recommendations for any necessary chamgjeesi work plan.

Participants 1 2 3 456 7 8 9 10 11 12 13 14 15 16 17
(i) Tools

(1) Renormalization e o o e o o 0o o o o o e o o

(2) Loop integrals o o ° e o o o o o e o o

(3) Multi-particle amplitudes e o o o e o o ° e o o o o o

(4) Monte Carlo generators o o ° e o o ° e o o °

(5) Computer algebra o o ° e o o ° o o e o o

(ii) Precision calculations

(6) Electroweak Physics e o o o e o o o e o e o o
(7) Multi-particle production o o ° o o ° e o ° °
(8) Top and Bottom physics e o o o ° e o ° e o o o

(iii) Discovery Physics
(9) Higgs physics e o o o o o o e © o o o o o o o
(10) SUSY particle production e o o o o o o o o e o o o o °

(11) Indirect effects of new physiq

[7)
[
[ ]
[
[ ]
[
[ ]
[ ]
[ ]

(12) Alternative new physics e o o o o o o ° e o o °

Table 1: Allocation of tasks among the participants
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