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General ConsiderationsGeneral Considerations

B physics in LHCb is the analysis of decay B physics in LHCb is the analysis of decay 
channels within families, where each family channels within families, where each family 
uses its own dataset uses its own dataset 
Large reduction factors between recorded Large reduction factors between recorded gg
data and analysis datasetsdata and analysis datasets
One cannot talk about data withoutOne cannot talk about data withoutOne cannot talk about data without One cannot talk about data without 
considering the tools to access themconsidering the tools to access them
Except online raw data all data are in ROOTExcept online raw data all data are in ROOTExcept online raw data all data are in ROOTExcept online raw data all data are in ROOT
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Logical Dataflow Model (1)Logical Dataflow Model (1)g ( )g ( )

RAW D t (MC) RAW D t 35 kB35 kB2 x 102 x 101010 RAW Data (MC) RAW Data 35 kB35 kB2 x 102 x 10

Reconstruction

r(educed)DST 20 kB20 kB2 x 102 x 101010

Preselection
(Stripping) Size/EventSize/Event# Events# Events

RAW + DST

TAG
RAW + DSTRAW + DSTRAW + DST 125 / 1 kB125 / 1 kB~20 x 10~20 x 1077
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TAGRAW + DST
MC:400 kBMC:400 kB



Logical Dataflow Model (2)Logical Dataflow Model (2)g ( )g ( )

RAW Data (MC) RAW DataRAW Data (MC) RAW Data

R t ti 22Reconstruction 2 x per year2 x per year

r(educed)DST

Preselection
(Stripping)

4 x per year4 x per year

RAW + DST

TAG
RAW + DSTRAW + DSTRAW + DST

Dataset Dataset 
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TAGRAW + DST
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Logical Dataflow Model (3)Logical Dataflow Model (3)g ( )g ( )

RAW Data (MC) RAW Data Tier0 (full)Tier0 (full)700 TB700 TB RAW Data (MC) RAW Data

R t ti

Tier0 (full)Tier0 (full)
+Tier1s+Tier1s

700 TB700 TB

Reconstruction

r(educed)DST Tier1Tier1500 TB500 TB

Preselection
(Stripping) LocationLocationDataset sizeDataset size

RAW + DST

TAG
RAW + DSTRAW + DSTRAW + DST

FullyFully
replicatedreplicated~20 x 1.2  TB~20 x 1.2  TB
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TAGRAW + DST pp
on all Tier1on all Tier1Other events only used forOther events only used for

calibration and detector studiescalibration and detector studies500 GB external HDD: 160 EUR
This fits on the desktop



Summary In Short…Summary In Short…yy

Physicists never see full sample of 2x10Physicists never see full sample of 2x101010 eventsevents
Data are preselected in a collaboration effort Data are preselected in a collaboration effort pp
(refinement 4 x per year)(refinement 4 x per year)
Only analysis datasets defined by the physicsOnly analysis datasets defined by the physicsOnly analysis datasets defined by the physics Only analysis datasets defined by the physics 
groups (+physics coordinator) are used by groups (+physics coordinator) are used by 
individual physicists (or ~99 %)individual physicists (or ~99 %)individual physicists (or 99 %)individual physicists (or 99 %)
Analysis datasets contain “everything” and are Analysis datasets contain “everything” and are 
available “everywhere”available “everywhere”available everywhere  …available everywhere  …

typically can be replicated to the desktoptypically can be replicated to the desktop
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Physicist Analysis CyclePhysicist Analysis Cycley y yy y y

TAGSelected (RAW + DST)

1.2  TB1.2  TB

Physics analysis Tier1 or localTier1 or local

User DST User TAGN-tuple

Local analysis locallocalLocal analysis locallocal
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Physics AnalysisPhysics Analysisy yy y

All l i i b d d t tAll l i i b d d t tAll analysis is based on datasets All analysis is based on datasets 
of a size of roughly 1 TBof a size of roughly 1 TB
All analysis is based on GaudiAll analysis is based on GaudiAll analysis is based on GaudiAll analysis is based on Gaudi

Data access from transient event storeData access from transient event store
Various flavoursVarious flavours

DaVinci: DaVinci: traditional C++ or Loki styletraditional C++ or Loki style
GaudiPython: GaudiPython: with or without Loki style (Bender)with or without Loki style (Bender)

All flavors can be executed interactivelyAll flavors can be executed interactivelyAll flavors can be executed interactively All flavors can be executed interactively 
…or using Ganga…or using Ganga

Job splitting and output merging capabilitiesJob splitting and output merging capabilities
GaudiPython eliminates the platform dependencyGaudiPython eliminates the platform dependency
Joint LHCb / ATLAS development Joint LHCb / ATLAS development 
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Loki & BenderLoki & Bender

Based on ideas from Based on ideas from 
KALKAL by H.Albrechtby H.Albrecht => => dense physics codedense physics code
PatternPattern and and GCombinerGCombiner by T.Glebe (Heraby T.Glebe (Hera--B)B)
Developed by Vanya BelyaevDeveloped by Vanya Belyaev

A world of functors, adapters and metafunctions hiding A world of functors, adapters and metafunctions hiding 
all technicalitiesall technicalities
Transparent physical content of the codeTransparent physical content of the code
Needs a C++ compiler, but looks less like it…Needs a C++ compiler, but looks less like it…
Bender is the python export of Loki using ReflexBender is the python export of Loki using Reflex
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Loki ExampleLoki Examplepp

S.Barsuk [2003]S.Barsuk [2003]

1 PPT slide of cut description1 PPT slide of cut description1 PPT slide of cut description1 PPT slide of cut description

1 page A4 of 1 page A4 of C++C++ codecode
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Local AnalysisLocal Analysisyy

Inputs are “user defined” dataInputs are “user defined” dataInputs are user defined  dataInputs are user defined  data
Tags, NTags, N--Tuples, USERTuples, USER--DSTDST

R f t t d t (RAW+DST)R f t t d t (RAW+DST)Reference to event data (RAW+DST) Reference to event data (RAW+DST) 
presentpresent
NTuples and Tags are functionally the sameNTuples and Tags are functionally the same

ROOT trees in split modeROOT trees in split mode
Tag items may be objectsTag items may be objects
Splitting depends on ROOT (pointers,…)Splitting depends on ROOT (pointers,…)

USER DST may be:USER DST may be:
DST with less objectsDST with less objects
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DST with user defined objectsDST with user defined objects



Interactive Tools for Local AnalysisInteractive Tools for Local Analysisyy

User select their favorite analysis toolUser select their favorite analysis tool
PAW,ROOT,PyROOTPAW,ROOT,PyROOT => without framework=> without framework, , y, , y
GaudiPythonGaudiPython => with framework=> with framework

Integration of event display (Panoramix)Integration of event display (Panoramix)Integration of event display (Panoramix)Integration of event display (Panoramix)
Full ROOT functionality: e.g. TCanvasFull ROOT functionality: e.g. TCanvas
HippoDrawHippoDrawHippoDrawHippoDraw
ExcelExcel
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“User Defined” Data: “User Defined” Data: 
Future DirectionsFuture DirectionsFuture DirectionsFuture Directions

Experience showed that complete Experience showed that complete 
freedom of user defined data is freedom of user defined data is 
counterproductivecounterproductive

formats do not matchformats do not matchformats do not matchformats do not match
No common tools, scripts etc.No common tools, scripts etc.

Attempts to define micro DST / Tags for Attempts to define micro DST / Tags for 
the usage within analysis groupsthe usage within analysis groupsg y g pg y g p

microDST Initiative @ University of microDST Initiative @ University of 
Cambridge [U Kerzel et al ]Cambridge [U Kerzel et al ]
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“User Defined” Data: “User Defined” Data: 
Future DirectionsFuture DirectionsFuture DirectionsFuture Directions

E i d i f kB / tE i d i f kB / tEnvisaged size: very few kB / eventEnvisaged size: very few kB / event
Data content are high level analysis objectsData content are high level analysis objects

Primary verticesPrimary vertices
B candidates, their decay products and associated B candidates, their decay products and associated 
tracks and vertices: O(1) candidates per eventtracks and vertices: O(1) candidates per eventtracks and vertices: O(1) candidates per eventtracks and vertices: O(1) candidates per event

Full collaboration with frameworkFull collaboration with framework
C d t /t f tC d t /t f tCommon data/tag formatCommon data/tag format
For the usage within one group ONLYFor the usage within one group ONLY

Not every group considers the same Not every group considers the same 
candidate as “good”candidate as “good”
Frequent (re)creationFrequent (re)creation
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Frequent (re)creation. Frequent (re)creation. 
Creation can be done by a single physicistCreation can be done by a single physicist



“User Defined” Data: “User Defined” Data: 
Future DirectionsFuture DirectionsFuture DirectionsFuture Directions

Currently 2 directionsCurrently 2 directions
“microDST”“microDST” => POOL/ROOT data file=> POOL/ROOT data file
Event tag++Event tag++ => N=> N--tuple enhanced by objectstuple enhanced by objects
Splitting will depend on the object modelSplitting will depend on the object model

Final data content not yet clearFinal data content not yet clear
Prototype suggests data reduction of Prototype suggests data reduction of yp ggyp gg
MC FullDst : Tag++ or microDST  is  200:1MC FullDst : Tag++ or microDST  is  200:1
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Data ModelData Model

S ffi i tl i lS ffi i tl i lSufficiently simpleSufficiently simple
> 99 % of all data> 99 % of all data

FullDSTFullDST
Container<T>

FullDSTFullDST
probably also microDSTprobably also microDST

Homomorph Container<T>Homomorph Container<T>
vector< T * >parent

Homomorph Container<T>Homomorph Container<T>
Despite all “experts”Despite all “experts”

Top Level TTree branchesTop Level TTree branches
T

op e e ee b a c esop e e ee b a c es
We are interested inWe are interested in
“forced splitting” of top level “forced splitting” of top level 
b hb hbranchesbranches

HowTo is known, but only using HowTo is known, but only using 
ROOT internal knowledgeROOT internal knowledge

ContainedObject
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ROOT StreamingROOT Streaminggg

We do not always save all dataWe do not always save all data
References: expansion of 2 integersReferences: expansion of 2 integersp gp g

Interest for:Interest for:
PP it bj t iit bj t iPrePre--write object processingwrite object processing
PostPost--read object processingread object processing

Currently implemented usingCurrently implemented using
Custom Streamer +Custom Streamer +Custom Streamer +Custom Streamer +
TClass::ReadBuffer / TClass::WriteBufferTClass::ReadBuffer / TClass::WriteBuffer
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ComparisonComparisonpp

Unit ATLAS CMS LHCbALICEUnit ATLAS CMS LHCb
Hoffmann 2k p-p Pb-Pb
RAW Event MB 1 25 1 1 0.125

ALICE

REC/ESD Event MB 0.1 2.5 0.5 0.5 0.1
AOD Event kB 10 250 10 10 20
TAG Event kB 1 10 0 1 1 1TAG Event kB 1 10 0.1 1 1
LHCC 2005 Comp.TDR
RAW Event MB 1 12.5 1.6 1.5 0.025
REC/ESD Event MB 0.2 2.5 0.5 0.25 0.125
AOD Event kB 50 250 100 50 2..5 (?) microDST
TAG Event kB 10 10 1 10 1 TAGTAG Event kB 10 10 1 10 1 TAG

2..5 (?) TAG++

M.Frank CERN/LHCbM.Frank CERN/LHCb
ROOT workshop March 28th. 2007ROOT workshop March 28th. 2007



ConclusionsConclusions

LHCb AODs are not main analysis inputLHCb AODs are not main analysis input
Combination of FullDST and Tag like quantitiesCombination of FullDST and Tag like quantities
Analysis groups access directly stripped FullDSTAnalysis groups access directly stripped FullDST
…but from reduced preselected streams…but from reduced preselected streams

d t t hd t t h…data are present everywhere…data are present everywhere
…may produce summary data (AOD)…may produce summary data (AOD)
“AOD”s are expected to be very small“AOD”s are expected to be very smallAOD s are expected to be very smallAOD s are expected to be very small
…and created by individuals / analysis groups…and created by individuals / analysis groups
…common format…common format…common format…common format
…but the meaning of the content may depend …but the meaning of the content may depend 

on the analysis  group or analysis dependenton the analysis  group or analysis dependent
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