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New Applications of PAX In Physics Analyses at Hadron Colliders
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The output of a detector ....Is Interfaced to ....PAX assists physicists in the
simulation, reconstruction, PAX. (Fourvector and physics Interpretation of events,
monte carlo generator, or Vertex objects)... like establishing relations between
of real data.... objects (decay trees) and mastering

combinatorial multiplicities....

Example Application: ttH,H-bb

....Standard histograms and
trees (ROOT or PAW).

Challenge: Complete reconstruction
of ttH partonic process W
q
In this particular case: 24 possible t h
Interpretations in case of perfect b
b-tagging
In case of gluon radiation or realistic H b
b-tagging: have many more t b
interpretation possibilities
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Usage of only one analysis source w
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=> need to manage

* relations between objects (e.qg.
decay trees, event generator

iInformation)

e combinatorial multiplicities

* general, experiment independent

physics algorithms

generator level, (noisr, no Fsr)
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Example Application: tt Production at Tevatron
P

* Complete reconstruction of partonic decay q : + + top mass from
chain o three jets after
W / — ~|~ ‘\‘ full detector
: : R C - simulation
* Combinatorial challenge (see Example 1) p \ t Re \ q 1o_|_—|— —|——|—
- ——

Simulation of the full data analysis chain
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Includes: - N
* event selection with isolated lepton and four A b : +
jets at least (one of them b-tagged) = - t / g top mass from two
e decision for “best version” of the possible p = e : IEpiens g ene

b-jet after full

decay trees WQ\/ —> : _|_+ _|_ 4 detector simulation
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* top masses for the hadronic and leptonic W- V i
decays g
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Study Detector Systematics ldentify Physics Process
e Many interpretations of the o A
same event can be handled ]
In parallel:
 Determination of systematic
errors caused, e.g., by ot B e
uncertainty in calorimeter T

energy scale
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* Event classification using an
“Analysis Factory”
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Design Detalls:

The PaxEventinterpret Class The PaxFourVector Class
ROOT: TLorentzVector ICLHEP: HepLorentzVector
* |[s a general container for Pax Eventlnterpret P 4 components Px(),Py(),Pz(),E() OR P 4 components px(),py(),pz(),e()
HEP event interpretations ¢ ¢ ¢ P algorithms (rotation, Lorentz-boost, etc.) algorithms (rotation, Lorentz-boost, etc.)
e Contains the physics \|N‘H\ER|TW
objects like fourvectors PaxCollisionMap PaxVertexMap PaxFourVectorMap _ _
and vertices PaxFourVector: (is designed to access every

. - TVector3 | [TLorent2V/ector possible information in the reconstruction output)
Has functionality to deal o e getCharge(),
with complex events PaxCollision ||| PaxVertex | |PaxFourVector e getParticleld(),
| | | Print() X(),Y().Z0) Px(),Py(),Pz() * lock(): the decay tree can be locked and excluded from analysis
* Is persistent including all Lock() Lock() Lock() e begin_vertex_relations, end_vertex_relations: to establish
Its objects and relations relations relations relations decay trees and histories
) ) | — ¢ ¢ ' ¢ — e user_record: store additional information as string-double pairs
* “deep copy” duplicates all Y e experiment relations: associate any pointer to original detector
objects and sets up the object with the PaxFourVector
correctly PaxUserRecord
The PaxRelationManager Class Interface to data sources
_ Data PAX Interface portable analysis
* Takes care of “many-to- PaxRelationManager
many” relations of < - - - = = = = = |
fourvectors, vertices, ... T T lr | user code |
| CMS - PaxCMSHIlI - »
* Establishes decay trees PaxCollisionRel | |PaxVertexRel | [PaxFourVectorRel | |
and analysis histories : T - gen. HEPEVT ~ PaxPYTHIAGFill ~  PAX +
| | ) | ROOT
Locking mechanism to PaxBegin PaxEnd PaxOutgoing| |Paxincoming XY PaXXYFIH ‘ erne |
exclude parts of trees VertexRel || VertexRel |||FourVecRel ||FourVecRel | |
from analysis ~ B I ***** l -

_ |
Persistency: |
save different |
|
|
|

e Experiment relations keep — -
pointer to original detector | PaxCollision || PaxVertex||PaxFourVector
instance relations relations relations

e Based on “Mediator”
design pattern PaxExpClassRelMap

stages of analysis
to disk




