
Sherpa Monte Carlo: status and new developments[Brookhaven Forum 2008℄----------------------------------------------Jan Winter a� Fermilab �

http://www.sherpa-m
.de/
Monte Carlo event generator SherpaNew major release � Sherpa 1.1Sherpa proje
ts � overview

a
Sherpa authors: T. Gleisberg, S. Höche, F. Krauss, M. Schönherr, F. Siegert, S. Schumann, J. Winter
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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 event generator Sherpa
[GLEISBERG, HÖCHE, KRAUSS, SCHÄLICKE, SCHUMANN, WINTER, JHEP 02 (2004) 056]Fa
torization approa
h: divide jet simulation into di�erent phasesCurrent version: SHERPA 1.1.2 (released Summer/08).
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Hard intera
tions: AMEGICtree-level ME generator (SM, MSSM, ADD, ...)QCD bremsstrahlung: IS + FS showers: APACICvirtuality ordered, Pythia-like showersME-PS merging a

ording to CKKWMultiple parton intera
tions: AMISICunderlying event model à la Sjöstrand�Zijl modelHadronization: AHADIC
luster model 
onverting partons into primary hadrons;interfa
e to Pythia's string model still availableHadron de
ays: HADRONS + PHOTONSphase-spa
e or e�e
tive models plus YFS treatment;interfa
e to Pythia's hadron de
ays still availablepredi
tions at the hadron-level � 
omparable to experimental data 
orre
ted for dete
tor e�e
ts

Jan Winter BF08, November 07, 2008 – p.3



AMEGIC [KRAUSS, KUHN, SOFF, JHEP 02 (2002) 044]Key feature: SHERPA has its own, built-in tree-level ME generator.automati
 generation of tree-level Feynman diagramstranslation into heli
ity amplitudesfa
tor out 
ommon partsmulti
hanneling (singularities known!)VEGAS optimization of single 
hannelswell validated tool ...!!! SM, MSSM, ADD

; Z

e+ 
; Z

e+
e�

e+
e�

��
�+ 
; Z

e+

; Z

e+
e�

e+
e�

��
�+Fully automated & e�
ient 
al
ulation of (polarized) 
ross se
tions & parton-level events.AMEGIC generates SM and beyond SM events.SM+ggH+AGC+4th family; THDM; MSSM (fully general); ADD model of extradimensions; Phantom-Higgs model; Axigluons; e�. model for hyper
olour.Expandable: dynami
 add-on model libs; 2 steps: (1) parti
les & model parameters(2) intera
tion verti
esmore general: FeynRules reader will be providedAMEGIC allows for spe
i�
ation of de
ay 
hains. A(n) = A

(nprod)

prod ⊗
Q

i ∈ decays

PiA
(ni)
decitake only resonant graphs into a

ount, preserve 
orrelations: o�/on-shell mode available
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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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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
 / GeV  Z P

0 20 40 60 80 100 120 140 160 180 200

10
-3

10
-2

10
-1

1

10
pt Z

Z + 0 jet

Z + 1 jet
Z + 2 jet

Z + 3 jet
CDF

G
eVp
b

  /
  

d
Pσ

d

 / GeV  Z P
0 5 10 15 20 25 30 35 40 45 50

 
G

eVp
b

  /
  

d
Pσ

d

1

10

pt Z

Z + 0 jet

Z + 1 jet
Z + 2 jet

Z + 3 jet
CDF

• 
onstant K-fa
tor

• intrinsi
 kT -smearingof order 1 GeV
Jan Winter BF08, November 07, 2008 – p.6



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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News on CKKW: heavy-quark production + decaysIntermediate resonan
es full ME 
an be fa
torized into produ
tion & de
aysAMEGIC ... make use of its de
ay-
hain modeAPACIC ... produ
tion + de
ay showers based on massive splittingsCKKW ... separately merge MEs+showers in produ
tion and any de
ay (fa
torization)s
hemati
ally, e.g.: pp̄ → t [→ W +bg{1}] t̄ [→ W − b̄g{1}] g{1} ⇒ �CKKW 1-1-1�

pp̄ → t [→ W+b] t̄ [→ W−b̄]

pp̄ → t [→ W+b] t̄ [→ W−b̄] g

pp̄ → t [→ W+b] t̄ [→ W−b̄ g]

pp̄ → t [→ W+b] t̄ [→ W−b̄ g] g

pp̄ → t [→ W+b g] t̄ [→ W−b̄ g] g...

tt̄ as signal:

Impact of additional jets (ISR/FSR)
more important at LHC.

tt̄+jets as ba
kground:
Reliable uncertainty estimates needed
to specify new-physics searches.

LHC

pT tt̄
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HADRONS: hadron decays for SherpaSHERPA's pa
kage to a

omplish hadron and τ de
ays. [SIEGERT, KRAUSS, LAUBRICH]

SHERPA

HQET (Sherpa)

SHERPA

HQET (EvtGen)

SHERPA

ISGW2 (Sherpa)
SHERPAISGW2 (EvtGen)

]
-2
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Γ
 dΓ

1/
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0.12

]2 [GeV2q
0 2 4 6 8 10

Bran
hing ratios (e.g. from PDG) as input for de
ay tables.De
ay kinemati
s à la dΓ(P → p1 . . . pn) = 1
2M

· |M(P, p1 . . . pn)|2 · dLiPSDi�erent form fa
tor models for many de
ay 
hannels (see plot).
τ de
ay lib ... uses elaborated models (KS, RχPT).Hadron de
ay lib ... heavily extended during last 2 years: B, D, light mesons.2-body de
ays a

ording to spin.Other features:spin 
orrelations,neutral meson mixing (BB̄),CP violation, even rare de
ays.Example: B+ → D∗(2007)0νee

+

M = −iGF√
2
Vcb Lµ Hµ

W+B+

l

νl

D∗
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PHOTONS

U(1)em 
harged parti
les radiate o� photons.a

ount for higher-order QED e�e
ts in hadron & τ de
ays: YFS approa
h.exa
t for soft-photon radiation (real and virtual) (k → 0)perturbative series for hard-emission e�e
tshard emissions at O(α) by approx matrix elements (quasi-
oll limit)
⇒ some 
ases by exa
t O(α) real/virtual matrix elements
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• Dotted: soft photons only. [SCHÖNHERR, KRAUSS, ARXIV:0810.5071 [HEP-PH]]

• Dashed: 
oll approx ME. Solid: exa
t ME.
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Sherpa proje
ts:
new developments ...

COMIX � tree-level SM ME generator based on 
olour-dressedBerends�Giele re
ursion relations.Automated Catani�Seymour dipole subtra
tion.Parton shower based on Catani�Seymour dipole fa
torization.Colour-dipole shower for hadroni
 
ollisions.Multiple-intera
tions model based on kT -fa
torization (BFKL evolution):

[HÖCHE, KRAUSS, TEUBNER, ARXIV:0705.4577 [HEP-PH]].
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COMIX – ME generator for high multiplicities
[GLEISBERG, HÖCHE, ARXIV:0808.3675 [HEP-PH]]
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gg → 6g

CSI

based on 
olour-dressedBerends�Giele re
ursion relations

[DUHR, HÖCHE, MALTONI, 2006]SM fully implementedKey point: vertex de
ompositionof all four-parti
le verti
es (Growth in 
omputational
omplexity determined by # of legs at verti
es)Phase-spa
e generation: 
an be a

omplishedre
ursively on the same footing as ME 
al
ulationsample 
olours, multi
hanneling of HAAGs on the �ight
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Automated Catani–Seymour dipole subtractionCatani�Seymour dipole subtra
tion [CATANI,SEYMOUR,1997; CATANI ET AL.,2002]universal framework for jet 
ross se
tions � NLOfa
torization formulae for real emission pro
ess (phase spa
e & matrix element)
onstru
t subtra
tion terms dσA from Born pro
ess using universal dipole termsyields lo
al approximation for the real-emission pro
ess, 
orre
t in soft & 
oll limits
σ = σ

LO + σ
NLO = σ

LO +

Z

m+1

h
dσ

R
ǫ=0 − dσ

A
ǫ=0

i
+

Z

m

»
dσ

V +

Z

1

dσ
A

–

ǫ=0Fully automated generation of the real 
orre
tion and all dipole subtra
tion terms

[GLEISBERG, KRAUSS, EPJC53 (2008) 501]ex
ellent numeri
al stability in all termsphase-spa
e integration methods providedlimits on parti
le multipli
ities 
omparable to those of LO MEsinterfa
e one-loop MEsNLO parton-level event generator 10
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PS based on Catani–Seymour dipole factorizationUniversal dipole terms des
ribe parton splittings, momenta mappings are invertiblebasi
 ideas for a new parton shower [Nagy,Soper / Dinsdale, Weinzierl / Schumann,Krauss]dipole terms used to des
ribe 1 → 2 splittingsexponentiation in a Sudakov form fa
tor (large-NC limit, spin averaging)
orre
t soft & 
ollinear limits, lo
al momentum 
onservation (spe
tator for 2 → 3 kinemati
s)subtra
tion formalism works for massive emitters too bene�
ial for shower formalismExample: �nal-state �nal-state dipolesemitter+spe
tator: p̃ij + p̃k → pi + pj + pkvariables: yij,k =
pipj

pipj+pipk+pjpk
, zi = pipk

pipk+pjpksplitting fun
tion, e.g. qij → qigj

〈Vqigj ,k(zi, yij,k)〉 = CF

n

2
1−zi+ziyij,k

− (1 + zi)
o

CS-shower [SCHUMANN, KRAUSS, JHEP 03 (2008),038]
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Colour dipole shower for hadronic collisions
[WINTER, KRAUSS, JHEP 07 (2008),040]as alternative to 
onventional parton showers: exploit antenna stru
ture of QCD to des
ribemultiparton emissionantennae formed by 
olour-
onne
ted partons: 
olour dipolessu

essful Lund CD Model at LEP & HERAbeyond PT: dipoles in
luding beam remnant(s)

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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Results for hadronic collisionsTestbed: in
lusive Drell�Yan lepton pair produ
tion & in
lusive jet produ
tion
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• boson transverse-momentum distribution (1st dipole-shower emission ME-
orre
tedper 
onstru
tion) [A.A. Affolder et. al. PRL 84 (2000) 845]

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

[V.M. Abazov et al., PRL 94 (2005) 221801]
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Summary

The LHC physi
s program requires a detailed understanding of QCD.New major release Sherpa 1.1 out fully independent 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.Real-emission MEs are provided by built-in tree-level ME generator AMEGIC.AMEGIC is ready for BSM as well.
⇒ tool for new physi
s.Many new a
hievements for the simulation of soft physi
s.AHADIC, HADRONS, PHOTONS
⇒ full simulation of hadron-level events.Many interesting ongoing proje
ts beyond the physi
s already implemented in Sherpa 1.1.

⇒ new merging strategy to 
ombine AMEGIC/COMIX with APACIC/CSSHOWER

⇒ in
lusive de
ays
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