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Motivation

® Reliable prediction of cross sections and final-state distributions for QCD
processes 1s important not only as a test of QCD but also for the design of

collider experiments and new particle searches.

® All systematic approaches to this problem are based on perturbation theory,
usually truncated at next-to-leading order (NLO).

® Lor the description of exclusive hadronic final states, perturbative calculations
have to be combined with a model for the conversion of partonic final states int
hadrons (hadronization). Existing hadronization models are in remarkably good
agreement with a wide range of data, after tuning of model parameters.

® However, these models operate on partonic states with high multiplicity and low
relative transverse momenta, which are obtained from a parton shower Monte
Carlo (MC) approximation to QCD dynamics and not from fixed-order
calculations.



Objectives

@® Our aim is to develop a practical method for combining parton shower MC
programs with NLO perturbative calculations (MCGQNLO).

® We require MC@QNLO to have the following characteristics:

The output is a set of events, which are fully exclusive.

Total rates are accurate to NLO.

INLO results for all observables are recovered upon expansion of MCQNLC
results in ax.

Hard emissions are treated as in NLO computations.
Soft /collinear emissions are treated as in MC.
The matching between hard- and soft-emission regions is smooth.

MC hadronization models are adopted.



Modified Subtraction

® Consider a hadron collider process which is 2 — 2 at LO, e.g. WTW~ or QQ
pair production. Schematic expression for any observable O, evaluated by

subtraction method, is
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® Naively, for MC@NLO we would replace O?—23) by J r(;fc_'z"j:' (MC generating

functionals starting from 2 — 2, 3 hard subprocesses), to obtain Fcanpo.

® This would be WRONG because Flffc_'z':' also generates 2 — 3 configurations,
which must be subtracted from weight of ﬂ'i,_'&} (and added to that of FIE.;EC_QJ

...s0 the tricky part of the whole business is to figure out what
Herwig 1s doing at NLO
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Heavy Quark Production

® Modified subtraction formula above can be used for any process.

% Take standard subtraction formula;

% Calculate analytically exactly what MC does at NLO;

% Insert ,-'HELI};IG:' (11, T2, @3) terms;

% Generate 2 — 2 and 2 — 3 parton configurations and weights;

% Feed into MC (using Les Houches interface, hep-ph/0109068).

® Most difficult part is calculating what MC does!
% Details in hep-ph /0305252 (S Frixione, P Nason & BW)



MC Heavy Quark Production

® MC starts from 2 — 2 subprocess = momentum reshuffling is done after real

R0

® Relation between invariants and shower variables depends on which leg emits!

EIM1S8S101.

® Colour structure assigned (for shower /hadronization) according to N — oo limit
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MC@QNLO ~ NLO here.

New feature in MC: QQ

asymmetry at Tevatron.




Top Rapidity Asymmetry at Tevatron
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HERWIG does surprisingly well (af-
ter cuts) but needs much more CPU:
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b Production with HERWIG

® In parton shower MC’s, 3 classes of processes can contribute:

FCR

GSP

FEX

® All are needed to get close to data (RD Field, hep-ph/0201112):
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GSP and FEX contributions in HERWIG
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® GSP, FEX and FCR are complementary and all must be generated

# GSP cutoff (PTMIN) sensitivity depends on cuts and observable

< FEX sensitive to bottom PDF

% GSP efficiency very poor, ~ 1074

@® All these problems are avoided with MC@QNLO!

1t
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® This does NOT mean that there is {(kr)

NLO + Ep-kick vs MC@QNLO
® (NLO + kp-kick) with (kp) =4 GeV ~ MC@GNLO (at Tevatron)
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= 4 GeV Inside proton: it simply

emulates the effect of initial-state parton showers.




DES Conclusions

® |[f you can run Herwig, you can run

+ in fact, re-use the HWANAL files that you've used
with Herwig

® Processes incorporated in 2.2
¢ diboson
o W/Z/Drell-Yan
+ heavy flavor
+ Higgs
® Next
¢ Inclusive jets

® See
http://www.hep.phy.cam.ac.uk/theory/webber/MCatNLO

® Mary will now show the first comparisons (that |
know of) of to collider data




