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Introduction

Motivation
® Analysis code has to cope with much larger data size in Run3 compared to Run?

= pp: x100 highe
= Pb-Pb: x50 hig

® Implication:

“luminosity expected (~5 pb-
ner luminosity expected (~5n
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MB@5.5TeV, ~1 pb-1 MB@13.5TeV, ~200 pb-1 triggered@13.5TeV)
-1 @5.5TeV)

= Analysis code should be faster to be able to process all the collected statistics in a reasonable time
= Reduction of data size: partly from 02 itself, but effort from HF side needed as well
= |n pp, eventtrigger on "rare” signals since storage is limited

What we discuss today?

® Strategy for creation anc
= https://github.com/A

storage of charm-hadro
ice02Group/02Physics/

1 candidates for further analysis
nlob/master/PWGHF/TableProducer/HFTrackIndexSkimsCreator.cxx

® Strategy for eve
= https://githu

tfiltering (trigger) for tf

e high-ene

n.com/Alice02Group/0?2

Physics/blo

gy pp progran

o/master/EventFiltering/PWGHF/HFFilter.cxx
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Creation of charm-hadron candidates in AliPhysics (Run2)
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® Charm-hadron candidates created at the AOD filtering leve
= https://github.com/alisw/AliPhysics/blob/master/PWGHF/vertexingHF/AliAnalysisVertexingHF.cxx
= Combinatorial of 2 and 3 tracks and vertex reconstruction
= Some preselections applied to reduce output size and reduce CPU time of further analyses that will loop over the arrays
of charm hadrons

® Storage of charm-hadron candidates in “delta AOD" files (AlIAOD.VertexingHF.root)

= AlIAODVertexingHF.root files read together the standard AliAOD.root files (friend TTrees)

> Necessity to match events in AliIAOD.root and AlIAOD VertexingHF.root to assign the charm hadrons to the correct
event

= pp collisions: full information stored (i.e. objects containing all the kinematic and topological information)
> pros: faster analysis (no need to recompute any quantity at the analysis task level)
> CONs: larger data size

= Pb-Pb collisions: only doublets/triplets of track indices stored for each candidate
> pros: smaller data size
> cons: slower analysis (necessity to recompute the secondary vertex and associated quantities in the analysis task)
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Creation of charm-hadron candidates in 02 (Run3 and beyond)
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® [wo steps:
1. Combinatorial of 2 and 3 tracks and production of tables with doublets/triplets of track indices stored based on

prefiltering on 2/3 prong candidates (HFTrackindexSkimsCreator)
2. Creation tables of full candidates with full kinematic and topological information (HFCandidateCreator*)

- tables of collisi k
HFTrackindexSkimsCreator Inputs: tables o C.O |5|ons,.tra.c :
Outputs: tables with track-indices
| ts: tabl ith track-indi
HFCandidateCreator2Prong HFCandidateCreator3Prong puts: tables wi . ot |?d|ces
" ~1 Outputs: tables with candidates

HFDOCandidateSe\ector/\ HFXicToPKPiCandidateSeIector/\

| : tables with idates, collisi
HFCandidateCreatorBPlus HECandidateCreatorXice nputs: tables wi | candidates, collisions
Outputs: tables with more complex

candidates



mailto:fgrosa@cern.ch
mailto:nzardosh@cern.ch
https://github.com/AliceO2Group/O2Physics/blob/master/PWGHF/TableProducer/HFTrackIndexSkimsCreator.cxx
https://github.com/AliceO2Group/O2Physics/blob/master/PWGHF/TableProducer/HFCandidateCreator2Prong.cxx
https://github.com/AliceO2Group/O2Physics/blob/master/PWGHF/TableProducer/HFCandidateCreator2Prong.cxx
https://github.com/AliceO2Group/O2Physics/blob/master/PWGHF/TableProducer/HFCandidateCreatorBPlus.cxx
https://github.com/AliceO2Group/O2Physics/blob/master/PWGHF/TableProducer/HFCandidateCreatorXicc.cxx
https://github.com/AliceO2Group/O2Physics/blob/master/PWGHF/TableProducer/HFD0CandidateSelector.cxx
https://github.com/AliceO2Group/O2Physics/blob/master/PWGHF/TableProducer/HFXicToPKPiCandidateSelector.cxx
https://github.com/AliceO2Group/O2Physics/blob/master/PWGHF/TableProducer/HFTrackIndexSkimsCreator.cxx

fgrosa@cern.ch

Creation of charm-hadron candidates in 02 (Run3 and beyond)
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® [wo steps:
1. Combinatorial of 2 and 3 tracks and production of tables with doublets/triplets of track indices stored based on

prefiltering on 2/3 prong candidates (HFTrackindexSkimsCreator)
2. Creation tables of full candidates with full kinematic and topological information (HFCandidateCreator*)

FTrackindexSkimsCreator Inputs: tables of C.O h5|ons,. tra.cks
Outputs: tables with track-indices
DISCUSSED IN THIS PRESENTATION
| - tables with track-indi
HFCandidateCreator2Prong HFCandidateCreator3Prong nputs: tables Wlt, Ha |?d|ces
- - Outputs: tables with candidates

HFDOCandidateSe\ector/\ HFXicToPKPiCandidateSeIector/\

| : tables with idates, collisi
HFCandidateCreatorBPlus HECandidateCreatorXice nputs: tables wi | candidates, collisions
Outputs: tables with more complex

candidates
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Skims-creator: event selection
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® First step: tag "good” collisions HiTagSelCollision

o . 173 /// Event selection with trigger selection
- COnSU mes CO‘ S10N tab‘e and, |f enab‘ed, 174 void processTrigSel(soa::Join<aod::Collisions, aod::EvSels>::iterator const& collision)
event Se‘eCUO” ’[ab e 207 /// Event selection without trigger selection
208 void processNoTrigSel(aod::Collision const& collision)
183 // trigger selection
184 if (!collision.alias()[triggerClass]) {
185 SETBIT(statusCollision, EventRejection::Trigger);
: . 186 if (fillHistograms) {
-
TeStS ”( COH|S|O"|S dre gOOd Or nOt based on 187 registry. fill(HIST("hEvents"), 3 + EventRejection::Trigger);
the configured selections 188 b
189 Iy
190
191 // vertex selection
192 selectVertex(collision, statusCollision);
91 Produces<aod: :HFSelCollision> rowSelectedCollision;

= Produces a table with a flag for each collision TRTER s p—

202 rowSelectedCollision(statusCollision);
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Skims-creator: track selection
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® Second step: tag “good” tracks HfTagSelTracks

1Cl 319 oid process(aod::Collisions const& collisions
= Consumes track and collision tables void process( isi isions,
320 MY_TYPE1 const& tracks
442 // DCA cut
. 443 array<float, 2> dca{track.dcaXY(), track.dcaZ()};
= Tests if tracks are good or not based on |« st (cebug 11 statusprong > o)) <
445 if ((debug || TESTBIT(statusProng, CandidateType::Cand2Prong)) && !isSelectedTrack(track, dca, CandidateType::Cand2Prong)) {
" " 1 446 CLRBIT(statusProng, CandidateType::Cand2Prong);
the configured selections (quality cuts, | L tats
. 448 //cutStatus[CandidateType::Cand2Prong] [3] = false;
pr, N, impact parameter) s it (#1llHistograns)
450 registry.fill(HIST("hRejTracks"), (nCuts + 1) * CandidateType::Cand2Prong + iDebugCut);
451 }
452 ¥
453 by

- PrOdUCQS 3 tab‘e Wlth 3 ﬂag for eaCh 234 Produces<aod: :HFSelTrack> rowSelectedTrack;

track 505 // fill table row
C 506 rowSelectedTrack(statusProng, track.px(), track.py(), track.pz());
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https://github.com/AliceO2Group/O2Physics/blob/509565038d56505bf3cb7e69e50350d414be352e/PWGHF/TableProducer/HFTrackIndexSkimsCreator.cxx#L505-L506
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Skims-creator: combinatorial for 2-prong and 3-prong candidates
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® Third step: compute combinatorial 884 Filter filterSelectCollisions = (aod::hf_selcollision::whyRejectColl == 0);
T . 885 Filter filterSelectTracks = aod::hf_seltrack::isSelProng > 0;
HiTrackIndexSkimsCreator
896 void process(
897 SelectedCollisions::iterator const& collision,
= Consumes fl\tered COHISIOHS and tracks 898 aod: :BCs const& bcs,
899 SelectedTracks const& tracks)
957 for (auto trackPosl = tracks.begin(); trackPosl != tracks.end(); ++trackPosl) {
958 if (trackPosl.signed1Pt() < 0) {
959 continue;
960 b
‘ . 971 for (auto trackNegl = tracks.begin(); trackNegl !'= tracks.end(); ++trackNegl) {
= LOOp over paII'S (t”p‘ets) Of traCkS ard apply 972 if (trackNegl.signed1Pt() > 0) {
preselections before vertex and after vertex o | contine
996 // 2-prong preselections
997 is2ProngPreselected(trackPosl, trackNegl, cutStatus2Prong,
1010 // 2-prong selections after secondary vertex
1011 is2ProngSelected(pVecCandProng2, secondaryVertex2,
= Produces a table with indices of daughter
tracks fOI’ each Se‘eCted Candidate) 515 Produces<aod: :HfTrackIndexProng2> rowTrackIndexProng2;
1015 rowTrackIndexProng2(trackPosl.globalIndex(),
1016 trackNegl.globalIndex(), isSelected2ProngCand);
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https://github.com/AliceO2Group/O2Physics/blob/509565038d56505bf3cb7e69e50350d414be352e/PWGHF/TableProducer/HFTrackIndexSkimsCreator.cxx#L1010-L1011
https://github.com/AliceO2Group/O2Physics/blob/509565038d56505bf3cb7e69e50350d414be352e/PWGHF/TableProducer/HFTrackIndexSkimsCreator.cxx#L515
https://github.com/AliceO2Group/O2Physics/blob/509565038d56505bf3cb7e69e50350d414be352e/PWGHF/TableProducer/HFTrackIndexSkimsCreator.cxx#L1015-L1016
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Skims-creator: data size estimation
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' =72 AO2D_HF.root
® Contentof a standard AO2D.root ® Contentof a derived AO2D.root A —

& 9@ AO02D.root with the tables produced by the 1 B
= DF_2449180042955382502; 1 . L. O2hfeandp2ext:
- #02collision;1 HfTrackindexSkimsCreator and | |- MOsoandustaer
L S the HFCandidateCreator2Prong el
= : : - #|02hfcandp3ext;
R and HFCandidateCreator3Prong | Bl
= #|O2trackextra;1 < -
- #|O2fwdtrack;1 . . . . . . ’
~ #|02fwdtrackeov;1 ® Using Pb-Pb Run2 converted data (few files) and applying Run2 like filtering selections
. - #]02calo;1
- ~®|O2calotrigger; 1 Size estimates Ratio to AO2D (uncompressed) Ratio to AO2D (compressed)
- #102zdc;1 : )
~ #|02fv0a;1 02hftrackidxp?2 0.03 0.02
- #|02fv0c; 1 ) ,
%] 02ft0;1 02httrackidxp3 0.30 0.17
e O2fdd:
L ioiv‘;‘ff 02hfcandp2base+ext 0.36 0.48
- #|0O2cascade;1
{ B 02hfcandp3base+ext 3.18 3.97
----- ¥ |O2run2bcinfo;1
= %gngigif;‘1 = About 20% of the AO2D.root size if we consider the table with the daughter-track indices
i O2hmpid:

= More than the AO2D.root size when considered the candidate tables

= |n both cases, HF tables should be joined with tables in the standard AO2Ds
> Two possible solutions: “delta” files or self contained skimmed AO2Ds
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Triggers for high-energy pp program

Three possible strategies

Scenario 1

Scenario 0 Scenario 2

=

° [
‘ * First preselection ‘)V(

E—
Synchrﬂ'econstruction‘m
‘ Nurther selection jx

Tape

Syncl@s calibration

Buffering all data

Synchrtﬂveconstruction
Nvent selection === m,

Tape

Asynchron us
reconstructl n d _> “"
selectio

Tape

Lower computing resources requiren

® Expected interaction rate: TMHz
® Targetselection rate: 100 Hz
= Rejection factor 104 — only triggers on “rare” probes can be defined
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® Scenario 2 chosen as strategy

for pp triggers

= Synchronous calibration, buffer
the data, asynchronous
reconstruction and trigger

= Code for the pp triggers in the
analysis framework (Q2Physics/
EventFiltering) can make use of
all the information after the
reconstruction

Physics channels and strategy decided
1gs with the trigger
atior

in the trigger meeti
coordi
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HF trigger general strategy

HFTrackIndexSkimsCreator

HFFilters

/

Fvents .
R Events with
with high-
Deauty
prcharm
nadrons
hadrons

Events with
n—(charm hadron)
nairs with low
elative momentum
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® Use HFTrackindexSkimsCreator to build 2-prong and 3-prong charm
candidates as in the analysis

)

Same code by design

HFFilters consumes collision, track, and 2-prong and 3-prong track
indices tables
388 void process(aod::Collision const& collision,
389 HfTrackIndexProng2withColl const& cand2Prongs,
390 HfTrackIndexProng3withColl const& cand3Prongs,
391 BigTracksWithProtonPID const& tracks)
Events with more ® Otherthan the presence of at least a charm-hadron
than one charm- candidate associated to a collision, it tests other
hadron candidate conditions and it tags the event to be kept or not

555 tags(keepEvent [kHighPt], keepEvent[kBeauty], keepEvent[kFemto], keepEvent[kDoubleCharm]);
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HF trigger example: beauty hadrons

= B+ —=D0z+ BO —=D-z+ BO =Dzt A=A

® Loop over 2-prong and 3-prong charm-hadron
candidate

® Foreach candidate, loop over tracks and apply
selection criteria (quality, pr, impact parameter)
= |f track selected compute invariant mass with
charm hadron and test if it's compatible with
the corresponding b hadron

® Assoon as the first b-hadron candidate is found,
the event is tagged as good for b hadrons anc
no candidates are searched anymore
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[dea: look for events that contain at least one beauty-hadron candidate in the following decay channels:

401 for (const auto& cand2Prong : cand2Prongs) { // start loop over 2 prongs

402

403 if (!TESTBIT(cand2Prong.hfflag(), o2::aod::hf_cand_prong2::DecayType::DOToPiK)) {
404 continue;

405 }

424 for (const auto& track : tracks) { // start loop over tracks

425

426 if (track.globalIndex() == trackPos.globalIndex() || track.globalIndex() == trackNeg.globalIndex()) {
427 continue;

428 }

429

430 std::array<float, 3> pVecThird = {track.px(), track.py(), track.pz()};

431

432 if ('keepEvent[kBeauty]) {

433 if (isSelectedTrackForBeauty(track, kBeauty3Prong)) {

434 auto massCandB = RecoDecay::M(std::array{pVec2Prong, pVecThird}, std::array{massD@, massPi});
435 if (std::abs(massCandB - massBPlus) <= deltaMassBPlus) {

436 keepEvent [kBeauty] = true;

437 if (activateQA) {

438 hMassB[kBplus]—>Fill(massCandB);

439 }

440 }

441 }

442 }
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® HFTracklndexSkimsCreator
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= Code that tags 2-3 prong charm-hadron candidates in 02
= Discussion on which information to save on disk to avoid computation of combinatorial every analysis ongoing
= Qptimisation of the code (memory management, execution time) ongoing
= Missing pieces in selections under development
® HFFilters
= Triggers defined and basic implementation in 02
= (Qptimisation of the code (memory management, execution time) ongoing
= Development of more refined selection strategies under development

® Working group parallel session: Skim creator, size estimation, triggering
= Starts at 14:30 (CERN time)

= M ate [ld ‘ : httDS/ / COaIMm d WE b cern.c ’]/ S/ GfPXZ BVXh# m — 17:00 Working groups, parallel sessions: Skim creator, size estimation, triggering
= /00m | in k: httDS : //Ce M.zoom.u S/U/C Oj U Ch Xyt Conveners: Fabrizio Grosa (CERN), Nima Zardoshti (University of Birmingham (GB))

% CodiMD link ¢4’ ZOOM link
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Rejection factors for b-hadron triggers (AliPhysics with improver)
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