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Introduction

Overview

» LHCDb designed as dedicated B-physics experiment
« simulation framework built with this in mind
o full modeling of decays, e.g. EVTGEN
« complete detector description with GEANT4
« well tuned underlying event for reliable soft physics
« efficient use of minimum bias events for signal extraction
« automated to handle ~ 5000 different signal decays

« LHCb expanded its physics program considerably
« Monte Carlo needs have broadened
» dedicated central exclusive production generators
« inclusion of heavy ion models
= control over matrix element matching and merging with showers
« multiple general-purpose generators for hadronization, etc.
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1) hard process 3) ISR 5) underlying event 7) particle decays

2) resonance decays 1) FSR 6) hadronisation




) production  2) particle decays
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Introduction

LHCb MC Requests

« all MC via central production
« every job has model and event type

» decay file provides the event type
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: general type and production scheme
: initial state particles
: features of decay

final charm hadrons and leptons
stable charged particles
neutrals

: same GSDCTN, decay degeneracy
: same GSDCTNX, model degeneracy

Ilten EJ

@ 6 /21



(GAUSS Tools

G|
=

Ilten 7/ 21



Gauss Tools

GAUSS

Ilten %f



Gauss Tools

Beam, Vertex, and Pileup

» beam tool handles all beam related parameters, except PDFs
« vertex tool smears the vertex for each interaction

e beam spot: sample position from 3D Gaussian distribution
o flat smear, smear from histogram, etc.

» pileup tool controls number of interactions per event, n
o fized luminosity: sample n with P(n,v) = v™e™"/n!
_to
f

« wvariable luminosity: same as fixed, but exponentially decrease v

v

Lo thul

v 7 theam (1 — e_tﬁll/tbeam)

o fized interactions: always generate the same n, typically 1
o rare process: use fixed luminosity but return n + 1
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Gauss Tools

Sample Generation

- sample generation tool generates interactions for an event
using production tool(s)

o minimum bias: generates and accepts all minimum bias interactions

» inclusive: minimum bias generation, decay particles heavier than
the signal particle, accept if requested particle types are produced,
flip event if signal p, < 0

o plain signal: like inclusive but force given signal decay

o forced fragmentation: generate signal decay and force fragmentation
into this flavor

o repeated hadronization: save event up to hadronization and
re-hadronize until signal found

« special: use signal configured production tool, e.g. gg — H — bb,
independent minimum bias configured production tool to generate
interactions
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Gauss Tools

Production

» production tool produces single interactions from interface with
an external generator
o multipurpose: interfaces to generators that can produce full
interactions, including underlying event, hard process, showers, and
hadronization
e PYTHIA 6, PYTHIA 8, HERWIG++, SHERPA
o hard process: only produces the hard process which must then be
showered, hadronized, and integrated with underlying event
» PownEGBOX, GENXIcC, BCVEGPY, ALPGEN, MADGRAPH
o parton shower: takes an external hard process and showers,
hadronizes, and include underlying event
* PyTHIA 6, PyTHIA 8 ...ideally all available multipurpose generators
« exclusive: central exclusive production which only requires a hard
process
* SUPERCHIC, LPAIR
« heavy ton: interfaces to dedicated heavy ion generators
« HIJING, CRMC, and now PYTHIA 8
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Gauss Tools

Decays and Cuts

» decay tool decays all remaining particles from the production
tool, including requested signal
e FutGen: interface to the EVTGEN package with support for 7
decays via TAuOLA, FSR via PHOTOS, and additional decays via
PyTtHia 8
« multipurpose: multipurpose generators can perform resonance
decays from hard processes with correlated final states, e.g.
99— H — 171
« cut tool checks if a generated event satisfies requirements
o signal decay: requirements applied only to signal particle and its
subsequent decay, e.g. signal in LHCb acceptance, all signal decay
products in LHCDb acceptance, etc.
o full event: requirements on full event, e.g. require at least two
b-partons, arbitrary particle requirements, etc.
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Production

Production Generators

general purpose soft hard

o HERWIGH+/7 « CRMC .

. . e« BCcVEGPY
o PyTHIA 8 o LPAIR

¢ SHERPA e GENXICC

o MADGRAPH

« PowHEGBOX
e STARLIGHT

+ SUPERCHIC 1/2
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Production
Primary Generator

» PYTHIA 6 was originally primary production tool, migrated to
PyTHIA 8

» not all needed final states produced from hadronization
» double heavy baryon production handled with GENXICC
« arXiv:hep-ph/0702054, arXiv:1210.3458
+ produces g9 — XQQ, 9@ — XQ, and QQ — Xg
- interfaced with PYTHIA 6 and PyYTHIA 8 showers
» S-wave and P-wave B, states produced with BCVEGPY
« hep-ph/0309120, hep-ph/0504017, 1307.3344
» produces gg — Xcc
« also interfaced with PYTHIA 6 and PYTHIA 8 showers

+ excited onia production integrated into PYTHIA 8.185 and beyond
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http://arxiv.org/abs/hep-ph/0702054
http://arxiv.org/abs/1210.3458
http://arxiv.org/abs/hep-ph/0309120
http://arxiv.org/abs/hep-ph/0504017
http://arxiv.org/abs/1307.3344

Production
Onia Production

+ onia production modeled with NRQCD

da(pp — H + X) = Z da'(pp N QQ[Qs—HLJ] + $)<0H[2s+1LJ]>
s,L,J

« color-singlet and color-octet production for any
« QQ[S] state
« QQ[’P,] state
« QQ[¥Dy] state

« any radial excitation allowed

« default production (easily changed) now includes J /1, ¥(25),
Yes(1P), $(3770), T, T(28), T(38), T(45), x5, (1P)
+ long-distance matrix elements are taken from
o arXiv:hep-ph/0003142
« arXiv:hep-ph/9807329 for (QQ@@IDil[2s+1p 1
« non DPS double-onia production also available
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http://arxiv.org/abs/hep-ph/0003142v2
http://arxiv.org/abs/hep-ph/9807329

Production

Onia pp Divergence

« perturbative short-distance
matrix elements, &, diverge at
low pr

« smoothly re-weight

< p’%‘ > <a5(p”21“o +p’%‘)2>
Phy + P os(p?)

« allow pr to be energy
dependent

pro(v5) = pro(Bo) (%)9

o LHCb-2007-042

« values set to MPI values

LHCb-2007-042
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https://cds.cern.ch/record/1042611?ln=en

Production
Tuning

« LHCb pre-LHC tune used for PYTHIA 6
10.1109/NSSMIC.2010.5873919 (does not include LHC data)

o PyTHIA 8 tune using Monash tune as starting point

« based on CTO9IMCS PDF set
« total cross-section measurements from LHCb, CMS, ATLAS, and
TOTEM

« rapidity gaps from ATLAS
- flavor composition with LHC VY ¢, and prompt hadron ratios

o ATLAS and CMS K5 and A° measurements
« LHCb, ATLAS, and CMS event multiplicity measurements used for
underlying event
« new tune underway using 7 and 8 and 13 TeV datasets for the
most recent version of PYTHIA 8

Tlten EJ ) 18 / 21


http://ieeexplore.ieee.org/xpl/articleDetails.jsp? arnumber=5873949
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Conclusions

Outlook

» to cope with MC statistics needed for Run 3 options are under
development, CPU and storage must be optimized

filtered events with fully reconstructed signals introduced, saves
space but not time

multiple trigger conditions per event now stored, saves both time
and space

redecay signal multiple times and reuse fully simulated underlying
event

particle gun events used to produce specific backgrounds and
signals, but has limited use

fast MC techniques such as detector geometry simplification and
parametrization underway

B-physics oriented developments also underway

central exclusive production and heavy ion generators
full MADGRAPH/AMC@NLO + FXFX chain
gridpack deployment for NLO calculations

Ilten

EJ ) 20 / 21



Conclusions

Requests

- interface through C++ (ideally no disk input/output)
« event record input/output via HEPMC

» particle properties can be easily and centrally set

- random number generator can be externally provided
» parts of generator can easily factorize

 faster is better . ..already see non-negligible generator contribution
» request specific particle species in final state

Thanks for all the incredible work
and support!
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