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Motivations

e Run 3 atthe LHC: ALICE taking data in continuous readout
mode, i.e. trigger-less data

e Signals of different collisions overlap within the ~100us
drift time of the Time Projection Chamber (5 Pb-Pb
collisions at the max. interaction rate of 50kHz)

e Correct data-to-collision association (space, time) is not
known a priori, and multiple primary-vertex findings must
be executed within every acquisition time frame

This work
Develop a tool to tag the duplicated primary vertices (PV) based
on the PV properties from the detectors and data reconstruction

GitHub repository:

https://github.com/mfaggin/monitorP
Binary classification: single vs. duplicated PVs vML hpc



https://github.com/mfaggin/monitorPvML_hpc
https://github.com/mfaggin/monitorPvML_hpc
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Data reconstruction in ALICE
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O @) ® WYWORK | @
Asynchronous processing
~3.5TB/s gu~0.6TB/s - <0.1TB/s \ e New reconstruction with final
> > ] > 60 PB > > : ;
o — " o fPN " atrer " . calibrations on EPN, TO and T1
5 b " " . e Final Analysis Object Data
- > w4} - > (A02Ds) produced and stored
o] :ﬁ © ' 8 1 : : '
Detector EPN - | /
» N > . IS ;i,, > > \
> - > \ T > > ! .
e > . = » CTF > > CTF, - still a flexible condition,
N e o g & > AODs due to imperfect data
Detector > > > > > .
’ ; g g g reconstruction
. . . g y - original plan: CTF removal
Synchronous processing Asynchronous processing after ~1 month from data
taking, much slower now
@ First Level Processors (FLP) @ Event Processing Nodes (EPN)
e First compression (zero suppression) of data from e Sub-TF merge in complete TFs
detector readout links 0 1TF=11msin 2022 (128 orbs), 2.8 ms in 2023 (32 orbs)
e Data division in sub-TFs on each FLP e Synchronous reconstruction, calibration, data compression

e Compressed TFs (CTFs) buffer



Structure of the work
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1 S

AO2D analysis on GRID

Y

Collision tables from
AO02Ds

4/14

AO2D analysis done with
0%/0?Physics workflows

Parallelized execution on the
GRID with the new
Hyperloop system

2
Y4 AliHyperloop &=

GitHub repository:
https://github.com/mfaggin /monitorPvML hpc

Just for local testing. Full 02 /02Physics framework
needed. L v
e 02/Physics repository:
e Build instructions: link

FSS2 EAN B testTableProducer

link e produceMLTrees

Mattia Faggin WIP: development of post-processing class ..



https://github.com/AliceO2Group/O2Physics
https://alice-doc.github.io/alice-analysis-tutorial/building/
https://github.com/mfaggin/monitorPvML_hpc
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Structure of the work
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e Data from point (1) written
1 d as ROOT TTrees
AO02D analysis on GRID e New TTrees prepared offline
v to setup the data as desired
Collision tables from for the next step

AO2Ds

N ROOT

Data preparatlorll for Data Analysis Framework
Machine Learning

Collision tables with
desired info for
classification

GitHub repository:
https://github.com/mfaggin /monitorPvML hpc

Mattia Faggin WIP: development of post-processing class ..

i ML
BB produceMLTrees

B testTableProducer



https://github.com/mfaggin/monitorPvML_hpc
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Structure of the work
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P e (C++ ROOT TTree converted
1 into Python Pandas
AO2D analysis on GRID DataFrames via upRoot
v e Python libraries for Machine
Collision tables from learning (scikit-learn,
Lo AO2Ds xgboost) wrapped via
: ; Hype4ML package
Data preparation for
Machine Learning
Collision tables with
1T mTmmmmmsmmsoososoosooo oo desired info for
| classification
| GitHub repository:
3 v https://github.com/mfaggin /monitorPvML hpc

PostProceSSing Mattia Faggin WIP: development of post-processing class ..

] ML

BB produceMLTrees

B testTableProducer



https://uproot.readthedocs.io/en/latest/index.html
https://hipe4ml.github.io/
https://github.com/mfaggin/monitorPvML_hpc

TTree preparation for ML

finalTree.Branch("fIsEventSelected", &isEvSel,
finalTree.Branch("fRunNumber", &runNumber, fRumJ@.:
finalTree.Branch("fPosX", &posX, "fPosX/F");
finalTree.Branch("fPosY", &posY, "fPosY/F");
finalTree.Branch("fPosZ", &posZ, 5
finalTree.Branch("fCovXX", &covXX, F
finalTree.Branch("fCovXY", &covXY, F
finalTree.Branch("fCovXZ", &covXZ, /F
finalTree.Branch("fCovYY", &covYY, EED
finalTree.Branch“TCOrYZ &covYZ, "fCovYZ/F"
finalTree.Branch(" ", &covZZ, "fCovZZ/F
finalTree.Branch(" Contrib", &numContrib, "fNumContrib/I
finalTree.Branch("fNumTracksAll", &numTracksAll, "fNumTracksA
finalTree.Branch("fNumTracksFiltered", &numTracksFiltered,
finalTree.Branch("fChi2", &chi2PVv, "fChi2/F");

mTracksFilt

number of tracks used
to find/fit the PV

number of tracks
associated to the PV

number of filtered
(analysis cuts) tracks
associated to the PV

finalTree.Branch("fGlobalBcInRun", &globalBcInRun, "fGlobalBcInRun/l1");

finalTree.Branch("fFt0Posz", &ft@posz, "fFtOPosZ/F");
finalTree.Branch("fSignalFTOA", &signalFTOA, i
finalTree.Branch"wS'qraLFTO(”, &signalFToC,

finalTree.Branch("f LFTOM", &signalFTeM, \lﬂﬂd F
finalTree.Branch("fS \", &signalVOA, "fSignal
finalTree.Branch( onTime", &collTime, ‘f(c;,lj,onTLyp IEZ)

Signals from Fast Interaction
Trigger (FIT) detector
— luminosity, centrality, timing

finalTree.Branch"\L0111>10\T meRes", &collTimeRes, "fCollisionTimeRes/F");

finalTree.Branch("fDpgCounterDF", &counterDF, ‘pou(OJH erDF/I");
finalTree.Branch("fCollIDMC", &collIdMC, f(o 1IDMC/I");
finalTree.Branch("fPosXMC", &posXMC,

finalTree.Branch("fPosYMC", &posYMC,

finalTree.Branch("fPosZMC", &posZMC,

finalTree.Branch("fCollisionTimeMC", &collTlmeMC fCollisionTimeMC/F

finalTree.Branch("fIsFakeCollision", &isFakeColl, "fIsFakeCollisio

finalTree.Branch("fRecoPVsPerMcColl", &recoPvPerMcColl,

) .
’

'

ecoPVsPerMcColl/I");

finalTree.Branch("fIsPvHighestContribForMcColl", &isPvHighestContribForMcColl, "fIsPvHighestContribForMcColl

finalTree.Branch("fIsDuplicate", &isDuplicate, "fIsDuplicate/I");

Useful only in MC collisions

Entries 19777
Mean 1.701
Std Dev 1.275

collision reconstructed
multiple times
(“duplicate”)

10
reco. PV per MC collision

collision reconstructed 1
time (“single”)
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e C(lassifier: BDT with XGBoost e Input (50% train, 50% testing):
e Hyperparameter determination: optimization with Optuna (Bayes o single: 37354

optimization) o  duplicate: 15952
e Training variables: fNumTracksAll, {CovXX,YY,ZZ, fChi2, _
fSignalFTOMfCollisionTimeRes, fSignalVOA str(?ng correlation — expl(.)lt.ed to reduce training
variables (— reduce overfitting)
single-reco duplicates
ollisionTimeRes | . ollisionTimeRes
fCollisionTime | fCollisionTime
fSignalVOA [ fSignalVoA 0.75
rsignairtom | different fSignalFTOM
fSignalFTOC | Corl‘elation L 050 fSignalFTOC | 0.50
fSignalFTOA | fSignalFTOA
fFtOPosZ | fFtOPosZ
fChi2 | r0.25 fchiz__/._/.-/./ . r0.25
mTracksFiltered | mTracksFiltered ..

fNumTracksAll | L 0.00 fNumTracksAll L'o.00
fNumContrib | fNumContrib - . . .

fCovZZ | . fCovZZ .

fCovYZ| - r—0.25 fCovYz . F-0.25

fCovYY | . . fCovYY . . . .

fCovXZ | - [— fCovXZ . W

fCovXY | . fCovXY .

fCovXX | fCovXX . - - .

fPosZ | . —0.75 fPoszZ . -0.75

fPosY . fPosY .

fF’OSX. - 0 . ey ~1.00 fPosX . i 5
TaNXEIREYNeIEENEILEEE L8 ’ ¥e W RLEREYNZEIIEENSESS E S )
8§ 88%53%32%353z2vs5568E8EpR:2S £¢ $8 8323532352956 8EERSE¢:
FTYTOoQPoP9PeoeS8E 2% uEws o es E FYTYoeuoePuSSsE S8 Ew®w S5 E

EEY *85582k EEE *58532k


https://optuna.org/
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Training and testing performance on MC
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e C(lassifier: BDT with XGBoost e Input (50% train, 50% testing):
e Hyperparameter determination: optimization with Optuna (Bayes o single: 37354
optimization) o duplicate: 15952

e Training variables: fNumTracksAll, {CovXX,YY,ZZ, fChi2,
fSignalFTOMfCollisionTimeRes, fSignalVOA

102

w single-reco pdf Training Set o 1.0
duplicates pdf Training Set
¢ single-reco pdf Test Set
s ¢ duplicates pdf Test Set
wn
) 14
e 0.8 1
3
e
=
L
2 L
3 10°4 S 06
O o
2
p=]
@
o
a
. g 0.4
107+ 4 =
0.2 4
1072 4
—— Test -> ROC (AUC = 0.9819)
K --- Train -> ROC (AUC = 0.9922)
0.0 1 ; Luck

BDT output

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate
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Training and testing performance on MC
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e C(lassifier: BDT with XGBoost e Input (50% train, 50% testing):
e Hyperparameter determination: optimization with Optuna (Bayes o single: 37354
optimization) o  duplicate: 15952
e Training variables: fNumTracksAll, {CovXX,YY,ZZ, fChi2,
fSignalFTOMfCollisionTimeRes, fSignalVOA Slight overfitting?

e  hard to reduce # training variables
e  probably more inputs needed (currently not available)

10?
B single-reco pdf Training Set °
duplicates pdf Training Set
¢ single-reco pdf Test Set
s ¢ duplicates pdf Test Set
£ 10
c
3
)
Q =
5 . 0,
8 o learning curve
3 10° 2 0.6 4
S v
2
S
@
(e}
a
-1 g 0.4 éo.z
107 4 =
0.2
0.2 7 " //
1072 4 i ’
O T e e e a0 25000
. o . ing s
0.0 0.2 0.4 0.6 0.8 1.0 0.0 1 - =
BDT output

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate
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Application on MC

e Application on a MC sample independent from that used for the training and testing

10*

counts

102

10

BDT score
— T T T ] T T T ] T T T — T =
: si ng I e El single PV :
Izl auplicated PV
- duplicate .
: \ v‘ | i 1 ol :
4 Iy m:lj L lﬁd.,l Mgt P !
= T f 81 ' -
E il [l E
E T =
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duplicate efficiency ~ 85%
duplicate purity >90%

duplicate efficiency > 80%
duplicate purity > 95%

T T T T T T T T T

1b2_all_397_399_403_414

L&

single-PV-efficiency
duplicated PV efficiency_...-J

Presision:Tp/(Tp+Fp)

1 1 L 1 L L

P \ ti
single.B\V-réjection

L-=="Guplicaled PV rejectioh |

---- Recall:'Tp/(Tp+Fn) N

=}

1 —— L

0.2 0.4 0,6 0,8 1

model_output



faggin@ts.infn.it

Application on MC

features still
present after the

No BDT selections BDT score > 0.8

selection!
smsgle PV - LHC22I1b2_all_397_399_403_414 dueplicated PV - LHC22I1b2_all_397_399_403_414 single PV - LHC22/1b2,_all_397_399_408_414 T ———
x10™" CovKkXvsCovYY_singlePy 10" [ — & 5
> 50F > 507 50 x10 CovXXvsConyY_singlePy 50 10 Covt
F F o n
e B 2w Y R
8 8 45F . B b Meanx 7.7320-07 3 uief. . Meanx  7.6740-06
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SxiDevx] 016700 40F Sid Dev x 6.42267.06 40 E Std Dev x28350-06 40 E Std Dev x6.2780-06
SYDevy 1472806 E 54 Dov y 6.3130-06 C Std Dev y 2.6870-06 o Std Dev y 6.1350-06
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Application on data
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model_output

Similar distribution as observed in MC!

ST T
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htemp

Entries 1164136
Mean 0.2736
Std Dev 0.3933
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Summary and outlook

Summary

e Machinery to build a binary classification to tag duplicated vertices in place
e Firstvalidation on MC productions anchored to the collected data done

e First application on collected data done and promising

Outlook / next steps / criticalities

e Post-processing code to be completed to completely handle also the application on data (so far: full
post-processing available only for application on MC)

e Strategies to use the tagged duplicated vertices to be discussed
o duplicates need to merged... who with who?

e Data reconstruction in fast evolution
o imperfections (and bugs) found on a daily basis
o detector calibrations still partial (e.g. TPC distortions)
o  MC productions not perfectly reproducing the properties of data (e.g. track properties)

Thank you for your attention



