
Using Monte Carlo tools for
hadron colliders[Valen
ia Seminar℄----------------------------------------------Jan Winter� Fermilab �

http://www.sherpa-m
.de/

Sherpa Monte Carlo � version 1.1. aDipole shower for hadroni
 
ollisions.Numeri
al 
al
ulation of one-loop gluon amplitudesusing unitarity te
hniques. b

a
Sherpa authors: T. Gleisberg, S. Höche, F. Krauss, M. Schönherr, S. Schumann, F. Siegert, J. Winter

b
In collaboration with: W. Giele
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Physics at hadron colliders ...

... is largely in�uen
ed by jet physi
s.

hadroni
 intial states: available phase spa
e used to emit(additional) strong parti
lesMultijetsmodify signals and ba
kgrounds

Need for tools that model...!!!Jet produ
tion Jet evolution HadronizationSherpa proje
t:

provide a full-fledged, independent Monte Carlo event generator for collider physics – Sherpa 1.1 X

with focus on an improved modelling of QCD multijet final states
provide it as new (C++) code, which is modular, transparent, upgradeable and maintainable
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Monte Carlo picture of jet evolutionFa
torization approa
h: divide jet simulation into di�erent phasesPerturbative Phases: [parton jets]Hard pro
ess/intera
tion (hard jet produ
tion)exa
t matrix elements |M|2QCD bremsstrahlung (soft/
oll multiple emissions)initial- and �nal-state parton showeringMultiple/Se
ondary intera
tionsmodelling the underlying eventNon-perturbative Phases: [jet confinement – particle jets]Hadronizationphenomenologi
al models to 
onvert partons into primary hadronsHadron de
aysphase-spa
e or e�e
tive models to de
ay unstable intostable hadrons as observed in dete
tors �����
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predi
tions at hadron level � 
omparable to experimental data if 
orre
ted for dete
tor e�e
ts
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Monte Carlo event generator Sherpa [1.1]
[GLEISBERG, HÖCHE, KRAUSS, SCHÄLICKE, SCHUMANN, WINTER, JHEP 02 (2004) 056]

[GLEISBERG, HÖCHE, KRAUSS, SCHÖNHERR, SCHUMANN, SIEGERT, WINTER, ARXIV:0811.4622]Current version: SHERPA 1.1.3 (released De
/08).
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Tree-level ME generator: AMEGIC(SM+ggH+AGC+4th family, THDM, MSSM, ADD, ...)IS + FS showers: APACICvirtuality ordered, Pythia-like showersME-PS merging a

ording to CKKWMultiple parton intera
tions: AMISICbased on Sjöstrand�Zijl modelHadronization: AHADIC
luster-fragmentation model;(optional: interfa
e to Pythia's string model)Hadron de
ays: HADRONS + PHOTONS
[SCHÖNHERR, KRAUSS, ARXIV:0810.5071];
omprehensive hadron & τ de
ays libs plus YFS treatment;(optional: interfa
e to Pythia's de
ays)predi
tions at hadron level � 
omparable to experimental data if 
orre
ted for dete
tor e�e
ts
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ME+PS merging – CKKW method
[CATANI, KRAUSS, KUHN, WEBBER, JHEP 11 (2001) 063]

[KRAUSS, JHEP 08 (2002) 015]

combine parton-shower pros (soft emissions) +
ME pros (hard emissions, quantum interferences, correlations)

avoid double counting and missing phase space regions

Divide multijet phase spa
e into two regimes by jet measure at .tree-level MEs: jet seed (hard parton) produ
tion aboveparton showers: (intra-)jet evolutionMEs regularized by
Eliminate/sizeably redu
e dependen
e.identify a possible shower history of MEs via ba
kward 
lusteringa

ordingly reweight MEs by 
ombined and Sudakov weightadd showers to ME partons and veto emissions above
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combine parton-shower pros (soft emissions) +
ME pros (hard emissions, quantum interferences, correlations)

avoid double counting and missing phase space regionsDivide multijet phase spa
e into two regimes by kT jet measure at Qjet.tree-level MEs: jet seed (hard parton) produ
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ME+PS merging – CKKW method
[CATANI, KRAUSS, KUHN, WEBBER, JHEP 11 (2001) 063]

[KRAUSS, JHEP 08 (2002) 015]

combine parton-shower pros (soft emissions) +
ME pros (hard emissions, quantum interferences, correlations)

avoid double counting and missing phase space regionsDivide multijet phase spa
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e.identify a possible shower history of MEs via ba
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SHERPA

WW @ Tevatron Run II

=15.0 GeVcutQ Sherpa 1jet
MC@NLO
PYTHIA
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E.G. DIBOSONS + JETS

GLEISBERG ET AL., PRD72 (2005) 034028
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ME+PS merging – CKKW method
[CATANI, KRAUSS, KUHN, WEBBER, JHEP 11 (2001) 063]

[KRAUSS, JHEP 08 (2002) 015]

combine parton-shower pros (soft emissions) +
ME pros (hard emissions, quantum interferences, correlations)

avoid double counting and missing phase space regionsDivide multijet phase spa
e into two regimes by kT jet measure at Qjet.tree-level MEs: jet seed (hard parton) produ
tion above Qjetparton showers: (intra-)jet evolution Qjet > Q > Qcut−offMEs regularized by Q2
ij = 2min

n

p
(i)
T , p

(j)
T

o2 [cosh(η(i)−η(j))−cos(φ(i)−φ(j))]
D2 > Q2

jetEliminate/sizeably redu
e Qjet dependen
e.identify a possible shower history of MEs via ba
kward 
lusteringa

ordingly reweight MEs by 
ombined αs and Sudakov weightadd showers to ME partons and veto emissions above Qjet

E.G. DIBOSONS + JETS – SCALE VARIATIONS

GLEISBERG ET AL., PRD72 (2005) 034028

SHERPA

WW @ Tevatron Run II

=15.0 GeVcutQ defµ=µSherpa 1jet 

defµ=0.5µSherpa 1jet 

defµ=2.0µSherpa 1jet 
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CKKW – key feature of SherpaMethod has been implemented within Sherpa in full generality.Uses built-in ME generator AMEGIC.Pro
ess-independent implementation.Validation and appli
ations

W/Z/W W +jets, QCD jets, Zbb̄ + X , VBF,tops, gg → H + X , b-asso
iated Higgs
SHERPASHERPASHERPA
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Re
ent validation [ABAZOV ET AL., PRL 100 (2008) 102002]

• shape 
omparison

• intrinsi
 kT -smearingof order 1 GeV
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Comparison with recent CDF data: W+jets production
[T. AALTONEN ET AL., PRD 77 (2008) 011108]Monte Carlos need to be validated and tuned against most re
ent Tevatron data.Dis
riminating power in
reases as more and more data is 
oming in. Use to re�ne algorithms.Sherpa predi
tions normalized to total in
lusive 
ross se
tion. Two 
hoi
es of PDFs.
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Comparison with recent CDF data: W+jets production
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Comparison with recent CDF data: W+jets production
[T. AALTONEN ET AL., PRD 77 (2008) 011108]Monte Carlos need to be validated and tuned against most re
ent Tevatron data.Dis
riminating power in
reases as more and more data is 
oming in. Use to re�ne algorithms.Sherpa predi
tions normalized to total in
lusive 
ross se
tion. Two 
hoi
es of PDFs.
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Comparison with recent CDF data: Z+jets production
[T. AALTONEN ET AL., PRL 100 (2008) 102001]Monte Carlos need to be validated and tuned against most re
ent Tevatron data.Dis
riminating power in
reases as more and more data is 
oming in. Use to re�ne algorithms.Sherpa predi
tions multiplied by 
onstant K fa
tor.
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Sherpa proje
ts (beyond 1.1):
new developments ...

COMIX � tree-level SM ME generator based on 
olour-dressedBerends�Giele re
ursion relations. [GLEISBERG, HÖCHE, ARXIV:0808.3675]Automated Catani�Seymour dipole subtra
tion � dipole & real-
orre
tionterms, phase-spa
e integration, NLO PL event generator if interfa
e toone-loop MEs. [GLEISBERG, KRAUSS, EPJC 53 (2008) 501]Parton shower based on Catani�Seymour dipole fa
torization � universaldipole terms des
ribe parton splittings, invertible momenta mappings.

[SCHUMANN, KRAUSS, JHEP 03 (2008) 038]Colour-dipole shower for hadroni
 
ollisions.Multiple-intera
tions model based on kT -fa
torization (BFKL evolution).

[HÖCHE, KRAUSS, TEUBNER, ARXIV:0705.4577].
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New 
olour-dipole modelfor hadroni
 
ollisions.
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Parton shower concept

t = p2
a

Traditional approa
h: des
ribe additional jet a
tivity by parton showers.QCD emissions preferably populate 
ollinear and soft phase-spa
e regions.
[Pythia, Herwig, Ariadne] QCD amplitudes fa
torize in the 
oll/soft limit.Re
ursive de�nition of multiple emissions:

dσn+1 = dσn
αs(t)

2 π

dt

t
dz Pa→bc(z) (here, 
oll limit)


oll/soft parton emissions iteratively added to the initial/�nal states [LL resummation]good des
ription of bulk of radiation and parti
le multipli
ity growthpartoni
 ensemble evolved down to hadronization s
ale [ordering variable Q, ϑ, pT ]provides suitable input for universal hadronization models [O(1 GeV)]
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Lund colour-dipole model
AZIMOV, DOKSHITZER, KHOZE, TROYAN / GUSTAFSON, PETTERSSON, ANDERSSON, LÖNNBLAD

˛

˛

˛

˛

˛

˛

˛

˛

˛

+

˛

˛

˛

˛

˛

˛

˛

˛

˛

2

Interesting alternative to 
onventional parton showers.

Idea implemented in Ariadne ... very good performan
e in des
ribing LEP/HERA data

soft gluons intrinsi
ally 
orre
t
olour 
oherent radiation pattern�
�1

P
Pq

Re
ursive prin
iple applied in limit of soft gluon emissionsQCD qq̄ antenna (xi energy fra
tions)

dσ = dσ0

2 αs

3 π

(x2

1 + x2

3) dx1dx3

(1 − x1)(1 − x3)
∼ dσ0

dωg

ωg

dygEven 
orre
t for hard gluons!Gluon emission is 2 → 3 pro
ess.Semi-
lassi
al pi
ture of a dipole 
as
ade
qq̄ emits g, in turn q′gq̄′ emits softer g′,
q′ q̄′ 
ontribution is negle
ted (1/N 2

C).Lo
al 4-momentum 
onservation, partons on mass shell! g splitting in
luded: q̂g → q̂q̄q.ISR mapped onto FSR, parametrize suppression of high-pT emissions for dipoles 
ontaininghadron remnants
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Colour-dipole shower for hadronic collisions
[WINTER, KRAUSS, JHEP 07 (2008),040]exploit antenna stru
ture of QCD to des
ribe multiparton emissionbeyond PT: dipoles in
luding beam remnant(s)antennae formed by 
olour-
onne
ted partonsinitial, initial��nal and �nal 
olour dipoles

Our goal: develop fully perturbative CDM:in
oming parton lines used to form dipoles, hen
e new types:

q̄iqi, giqi, gigi and qfqi, qfgi, gfgibeam remnants ex
luded, will be treated during hadronizationradiation pattern in terms of 2 → 3 splittings

dipole ME factorization (re-calculate / crossing symmetry / antenna funcs)generalized 2 → 3 onshell kinemati
s to in
lude new 
ases

dipole phase-space factorization and invariant evolution variablesprobabilisti
 interpretation of Sudakov form fa
tor here based ondipole splitting 
ross se
tionslarge NC limit, all ISR in ba
kward evolution
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Gluon emission from colour dipolesInstead of rede�ning ISR in terms of FSR,

k̃ ℓ̃ →

8

>

<

>

:

k̃ gf ℓ̃ : gluon emission ,

q gi ℓ̃ : quark emission, provided that k̃ = q̄i ,

k̃ gi q̄ : antiquark emission, provided that ℓ̃ = qi .Basi
 idea: �nd generalized (and re
ursive) form for ...di�erential 
ross se
tion for a k̃ℓ̃ → kgℓ dipole splitting:
dσ0→kgℓ = dσ0→k̃ℓ̃

αs(µR)

2π
Dk̃ℓ̃→kgℓ(p⊥, y)

dp2
⊥

p2
⊥

dy

expressed through dipole splitting fun
tions D and Lorentz invariant evolution variables:transverse momentum: p2
⊥ =

˛

˛

˛

˛

skg sgℓ

skgℓ

˛

˛

˛

˛

, rapidity: y =
1

2
ln

˛

˛

˛

˛

sgℓ

skg

˛

˛

˛

˛

;

• smn = (ςm pm + ςn pn)2 , smnr = (ςm pm + ςn pn + ςr pr)
2

• ςm = ±1 (+ outgoing, − in
oming)
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Initial-state dipole branching: ı̄′i → ı̄′gi

Invariant transverse momentum and rapidity

p2
⊥ =

˛

˛

˛

˛

sı̄′g sgi

sı̄′gi

˛

˛

˛

˛

=
t̂ û

M2
, y =

1

2
ln

˛

˛

˛

˛

sgi

sı̄′g

˛

˛

˛

˛

=
1

2
ln

û

t̂

Phase spa
e, a = ŝmax/M2 ≤ S/M2

|y| ≤ arcosh
(a − 1)M

2p⊥
≤ ln

(a − 1)M

p⊥
= ln

1

z

Dipole splitting fun
tion for gluon emission o� II dipoles, xı̄′,i = 1 + p⊥

M
e±y

Dı̄′i→ı̄′gi(p⊥, y) =
fı̄′(x±, µF) fi(x∓, µF)

fı̄′(x̃±, µ̃F) fi(x̃∓, µ̃F)
ξ{F

A}C{F
A}

x
nı̄′

ı̄′
(p⊥, y) + xni

i (p⊥, y)

[xı̄′(p⊥, y) + xi(p⊥, y) − 1]2

≤ NPDF ξ{F
A}C{F

A}



2

a + 1

ff

≡ Dapprox
ı̄′i→ı̄′gi

(p⊥, y)

z

y

ŝ

t̂

M

nq,g = 2, 3; n

... for quark dipoles

... else

o
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Sudakov exponentiation, kinematics and showeringRule of thumb: no-bran
hing probability exponentiates

∆(p2
⊥,stt, p

2
⊥) = exp

(

−

Z p2
⊥,stt

p2
⊥

dk2
⊥

k2
⊥

I(k2
⊥)

)

,

I(k2
⊥) =

αs[µR(k⊥)]

2π

X

{k̃ℓ̃→kgℓ}

Z y+(k⊥, a)

y−(k⊥, a)
dy D

k̃ℓ̃→kgℓ
(k⊥, y)

Di�erential probability that bran
hing o

urs at p2
⊥

dP

dp2
⊥

=
d∆(p2

⊥,stt, p
2
⊥)

dp2
⊥

=
I(p2

⊥)

p2
⊥

∆(p2
⊥,stt, p

2
⊥)Monte Carlo method (Veto Algorithm) yields values for evolution variables.Set up kinemati
s: use light-
one variables and re
oil strategies.Shower algorithm fully de�ned by �xing:

renormalization and factorization scale choices.
the initializing scale in dependence on the hard process.
the maximal phase space of a single emission globally.
the iteration procedure to generate the cascade and the cut-off(s).
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Results for pure final-state cascadingTestbed: hadron produ
tion in ele
tron�positron annihilations

Dipole shower & Py6.2 hadr.NLL Dipole showerNNNLL+NNLO

Q=MZ
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• All-parti
le 1-thrust event-shape distribution.
• Comparison to theoreti
al predi
tion by Be
her and S
hwartz using SCET. [ARXIV:0803.0342]

• Independent test of resummation en
oded in dipole shower.
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Results for hadronic collisionsTestbed: in
lusive produ
tion of Drell�Yan lepton pairs � Tevatron Run I
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• Boson transverse-momentum distribution and its peak region in e+e− + X.

• 1st emission of the dipole shower is ME 
orre
ted per 
onstru
tion.

• CDF data: A�older et al. Phys. Rev. Lett. 84 (2000) 845.
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Results for hadronic collisionsTestbed: in
lusive jet produ
tion � Tevatron Run I & II
  3rd jetηColour coherence test :  

Tevatron Run 1
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Jet production :  Dijet azimuthal decorrelation
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• qualitative test for the in
lusion of 
olour 
oheren
e � un
orre
ted data

CDF [ABE ET AL., PHYS. REV. D50 (1994) 5562]

• stringent test of QCD radiation pattern � dijet azimuthal de
orrelation

DØ [ABAZOV ET AL., PRL 94 (2005) 221801]
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From tree-level toone-loop gluon amplitudes.
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NLO calculationsLessons learned from LEP, HERA, Tevatron:LO predi
tions are �ne, yet often give rough estimates onlyNLO: 1st real predi
ition of normalization of many observablesless sensitivity to unphysi
al input s
ales (µF & µR)more physi
s (parton merging, jet substru
ture, ISR, more IS parton spe
ies)

Components of NLO 
al
ulationstree-level amplitudes (LO & real radiation) one-loop 
orre
tion to Born levelsubtra
tion terms to handle and 
ombine singularities phase-spa
e generatorFeynman diagram 
al
ulations: 
omputational algorithms of exponential 
omplexitybottlene
k: virtual 
orre
tions (tensor-integral redu
tions generate large # of terms)� tree level: algorithms of polynomial 
omplexity exist ( )re
ursive methods e�
iently re-use re
urring groups of o�shell Feynman graphs� loop level: unitarity-
ut methods fa
torize one-loop into tree amplitudes
omputing time grows with # of 
uts & depends on algorithm employed at tree levelGoal provide algorithm(s) [tools℄ of polynomial 
omplexity to 
al
ulate virtual 
orre
tions
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NLO calculationsLessons learned from LEP, HERA, Tevatron:LO predi
tions are �ne, yet often give rough estimates onlyNLO: 1st real predi
ition of normalization of many observablesless sensitivity to unphysi
al input s
ales (µF & µR)more physi
s (parton merging, jet substru
ture, ISR, more IS parton spe
ies)Components of NLO 
al
ulationstree-level amplitudes (LO & real radiation) + one-loop 
orre
tion to Born level +subtra
tion terms to handle and 
ombine singularities + phase-spa
e generatorFeynman diagram 
al
ulations: 
omputational algorithms of exponential 
omplexitybottlene
k: virtual 
orre
tions (tensor-integral redu
tions generate large # of terms)� tree level: algorithms of polynomial 
omplexity exist (τ ∼ N#)re
ursive methods e�
iently re-use re
urring groups of o�shell Feynman graphs� loop level: unitarity-
ut methods fa
torize one-loop into tree amplitudes
omputing time grows with # of 
uts & depends on algorithm employed at tree levelGoal provide algorithm(s) [tools℄ of polynomial 
omplexity to 
al
ulate virtual 
orre
tions
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Unitarity te
hniques for 1-loop amplitudes

a
tive �eld of resear
h ...

Britto et al.Bern et al. � Bla
kHat proje
t and 
ode.Ossola et al. � CutTools 
ode.Ellis et al. � �Ro
ket S
ien
e�.

This work is based on �
[ELLIS, GIELE, KUNSZT, ARXIV:0708.2398] 4DIM METHOD, CUT-CONSTRUCTIBLE PART

[GIELE, KUNSZT, MELNIKOV, ARXIV:0801.2237] DDIM METHOD, RATIONAL PART

[GIELE, ZANDERIGHI, ARXIV:0805.2152] APPLICATION OF DDIM METHOD TO PURE GLUONS
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Decomposing one-loop amplitudesinto a linear sum of s
alar box, triangle, bubble and tadpole master integrals(
ut-
onstru
tible part) and rational terms

AN ({pi}) =
X

[i1|i4]

di1i2i3i4I
(D)
i1i2i3i4

+
X

[i1|i3]

ci1i2i3I
(D)
i1i2i3

+
X

[i1|i2]

bi1i2I
(D)
i1i2

+
X

[i1|i1]

ai1I
(D)
i1

+RN

master integrals known in literatureand implemented in various 
odes, e.g. QCDLoop [ELLIS, ZANDERIGHI] (QCDLoop.fnal.gov)to do: determination of the master-integral 
oe�
ients unitarity te
hniquesproblem: extra
tion of lower-point 
oe�
ients�subtra
ting terms that are already in
luded in higher-point 
ontributions�solution: identify subtra
tion terms at the integrand level [OSSOLA, PAPADOPOULOS, PITTAU]partial fra
tioning of the integrand: expand over 4,3,2,1 propagator termsresidues of pole terms 
ontain master-integral 
oe�
ient plus �nite number of spurious termsspurious terms vanish upon integration

note that [i1, iM ] = 1 ≤ i1 < i2 < . . . < iM ≤ N and I
(D)
i1...iM

=

Z

dDℓ
1

di1 . . . diM
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[ELLIS, GIELE, KUNSZT]

re-expressing the integrand di(ℓ) = (ℓ + q̃i)
2 − m2

i

AN ({pi}, ℓ) =
N ({pi}, ℓ)

d1d2 . . . dN

=

X

[i1|i4]

d̄i1i2i3i4(ℓ)

di1di2di3di4

+
X

[i1|i3]

c̄i1i2i3(ℓ)

di1di2di3

+
X

[i1|i2]

b̄i1i2(ℓ)

di1di2

+
X

[i1|i1]

āi1(ℓ)

di1solve for numerator fa
tors:need to �nd ℓ = ℓi1...iM

su
h that dj(ℓi1...iM
) = 0 for j = i1, . . . , iMde�ne Resi1...iM

(AN (ℓ)) = {di1(ℓ) . . . diM
(ℓ) ×AN (ℓ)}|ℓ=ℓi1...iM

then

d̄i1i2i3i4(ℓ) = Resi1i2i3i4(AN (ℓ)) , c̄i1i2i3(ℓ) = Resi1i2i3

0

@AN (ℓ) −
X

[j1|j4]

d̄j1j2j3j4(ℓ)

dj1dj2dj3dj4

1

A , . . .

�nd parametri
 (most general) form of residues, removing spurious terms:box 
oe�
ient: d̄i1i2i3i4(ℓ) = di1i2i3i4 + (ℓn4) d̃i1i2i3i4 �the Right-Hand-Side�

Z

dDℓ
d̄i1i2i3i4(ℓ)

di1di2di3di4

= di1i2i3i4

Z

dDℓ
1

di1di2di3di4

= di1i2i3i4 Ii1i2i3i4
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Generating the Left-Hand-SideWhat is Resi1...iM
(AN (ℓ)) ?

= { di1(ℓ) . . . diM
(ℓ) ×AN (ℓ) }|di1

(ℓ)=···=diM
(ℓ)=0requires 
al
ulation of fa
torized un-integrated one-loop amplitudeunitarity 
uts: M on-shell propagators, amplitude fa
torizes into M tree-level amplitudes

Resi1...iM
(AN (ℓ)) =

2
X

{λ1,...,λM}=1

 

M
Y

k=1

M(0)
“

ℓ
(λk)
ik

; pik+1, . . . , pik+1 ;−ℓ
(λk+1)

ik+1

”

!

two 4-dimensional gluons with 
omplex momenta and 2 polarization states (ℓik
= ℓ + q̃ik

)

Berends�Giele re
ursion relationsto 
al
ulate tree-level amplitudesvery e
onomi
al s
hemeLHS:take subtra
tions into a

ount
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C++ codeAnother tool ... Ro
ket (Ru
ola) was already laun
hed [GIELE, ZANDERIGHI]independent implementation (from s
rat
h, no translation of Fortran routines)allows for independent x
he
ks of unitarity method and its resultsknowing the tool is knowing the methods, and knowing the detailsC++ ... di�erent philosophy ... modularity, transparen
yallows for 
ombination with other C++ 
odes ... potentially ... COMIX ... Gleisberg's automatedCS subtra
tion ... Sherpa ...N external gluons & their polarizations (leading-)
olour-ordered 1-loop amplitude (FDH)x
he
ks on numbers
oe�
ients itself, poles (known analyti
ally), �nal numbers (analyti
 and other 
al
ulations)gauge invarian
e, 
hoi
e of ℓ, dimensionality (D and Ds variation)a

ura
y and numeri
al stability
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(1)(fp)
N,C++[2]|e�
ien
y � s
aling of 
omputing time with # of legs N → τ ∼ N9
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Accuracy(preliminary) (all 
al
ulations in double pre
ision only)peak positions are �ne, tails seem OK, 
omparable to Ro
ketlosing �nite-part pre
ision with N = 10, 11, lost for N = 15(double pre
ision not enough, too many large numbers involved)
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Accuracy(preliminary) (all 
al
ulations in double pre
ision only)peak positions are �ne, tails seem OK, 
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ision with N = 10, 11, lost for N = 15(double pre
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Accuracy(preliminary) (all 
al
ulations in double pre
ision only)

range of numbers in
reases with N � Gram dets of external gluons and e
(0)
ijklm


oe�
ients maybe
ome small and large, respe
tively
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Correlations(preliminary) (all 
al
ulations in double pre
ision only)pre
ision of �nite term partly 
orrelated with smallness/largeness of Gram dets/
oe�
ientsstill other denominators that 
an be
ome smalle.g. the leftover dj in the subtra
tion terms (even when 
oe�
ients are not large)
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Correlations(preliminary) (all 
al
ulations in double pre
ision only)left: 
orrelation between single-pole and �nite-part a

ura
yright: whi
h e
(0)
ijklm


oe�
ient o

urs when external-gluon Gram det is minimal?
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Speed of the calculation(preliminary) (all 
al
ulations in double pre
ision only)
he
k for algorithm of polynomial 
omplexity (τ ∼ Nx)
he
k fra
tions: x = ln
τN+1

τN
/ ln N+1
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Summary

The LHC physi
s program requires a detailed understanding of QCD.New major (physi
s) release Sherpa 1.1 fully independent, 
omplete MC event generator.Improved des
ription of hard multijet 
on�gurations together with jet fragmentation !CKKW is implemented for SM pro
esses in Sherpa.
⇒ tool for jet physi
s. ⇒ full simulation of hadron-level events.Dipole shower for hadroni
 
ollisions valid & working approa
h, no non-PT assumptions.Predi
tions show good agreement with hadron-
ollider data.
⇒ interesting alternative to parton-shower models.
⇒ to do: some gluon-splitting 
hannels, mass e�e
ts, merge/mat
h with matrix elements.C++ 
ode that implements Ellis�Giele�Kunszt�Melnikov method of 
al
ulating one-loopamplitudes using unitarity 
uts. Basi
 tool is working.
⇒ good double-pre
ision results for gluon 
ase.

⇒ to do: �tting 
oe�
ients, higher pre
ision, fully in
lude quarks, squared amplitudes.
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