Boosting CPU Efficiency in ATLAS Inner Detector
Reconstruction with Track Overlay

ACAT 2024, Stony Brook University, 11th March 2024

-
ATLAS plle-up mOdeI ,(Ner!ay :--clusterbuilding ........ : f,.overﬁay .............

presampled pile-up HS HITs
: RDOs .

digitization : digitization

e Aiming to increase the efficiency of the ATLAS reconstruction chain : itracking
by optimising the treatment of pile-up g[presamp.ed ey ADO. BKG :

RDOs (PU tracks + PU cIusters)L}E

e Currently use MC Overlay \ ] -3 I

o Pile-up overlaid after digitization

clustering :

. . PU clusters are
e Main ideas of Track Overlay: (Cluster (PU + HS)) E o included ( ” C,usterJ
o Reduce reconstruction time by reusing initially reconstructed tracks l —
o Good approximation as long as hard-scatter (HS) tracks don’t pick up pile-up hits : oD P treexing

PU tracks + HS tracks

Validation of Track Overlay ) - )

e Track Overlay is validated in numerous physics processes

o QCD Multi-jet events
o Top quark pairs
o Wl—)Wh—)IVbb (for mW‘ — 3 TeV) é,... overiay ......................................... .é

Hybrid overlay oA el )

..................................... I ———— presampled pile-up . : dlgltlzatloné
g o MC-overla = S - o MC-overla = : PR : RDOs RDOs . | itrackmg : :
§ [ ATLAS Simulation Preliminary  ° Jrosnoveray S iF ATLAS Simulation Preliminary  © Tooveray = e Use Deep Neural Network (DNN) to decide on an event-by-event basis if z '
£ 'E" tlevents » Hybrid-overlay £ = Dijetevents, 60<leading jet p.<160 GeV | popridoverlay 3 E : (PU tracks + PU cIusters)—ﬁ( RDOs ] :
ey ven rere. oas an s ot g0 e E Track Overlay or MC overlay should be used. (overaigroos | i
085_ et o 2 #E e iadii o w¢#$¢ M $44 $+'H*$¢ ; o Train on labeled data
=g = 0.85— W* -
- . = - o Input features: i
0-75_ _E 007-:? % s Kinematics of g(enerator-l evel particle)s reconstruction™""""""" MCoverIay sequence Track overlay Sequence reconsiniction. ;
OB s o p o v o i % & 5o o S 5 @ B0 % E o % e @ e w g gt LT g o) s g o g B W g pel G RN N B PO M [ BN % gRN 4 @ e g @ e mbl m Eventtopok)gy i.e.local trackdensity
e e e e . P oo . . | :
O 102k o O 1.02F ) u Plle'uP information : clustering on overlaid RDOs | t HS RDO
g W N L T IRAATIRI | o T
3 gi%-i-m MH}HHHHHHH{MHH[HE = O.QEH HHHH“HHHHHH HH HHM% o DNN assigns score to each track to determine if track is likely impacted by pile-up activity (Cluster — HS))
© = © = = . . . . . . PU Clusters are
o - . e Negligible degradation in physics performance compared to MC overlay 5 (”S"'”Ster
0005 0T 045 02 025 03 035 04 0 005 0T 045 02 025 03 035 04 o QCD multijets (high p,): 35.3% of events are sent to track overlay l tracking tracking
A R(et,particle) A Rietparticle) o QCD multijets (low p-): 93.5% of events are sent to track overlay 5 AODs AODs =
: T/ 2070 ; Tracks (PU + HS) :
o Top quark pairs: 86.4% of events are sent to track overlay ' L J PUtracks + 1S tracks ) 5
é 15_ A ——— 0 ¥rc;;i\_,§:|:r,;ay _g é ; P ———— ° xf;::_,:c:xay g MC- and Track-overlay work the same in the muon spectrum and calorlmeter
% E Dijet events, 1.8<leading jet pT<2.5 TeV . Hybrid-overlay E § 1— Dijet events, 1.8<leading ]etp <25 TeV . Hybrid-overlay
0.9 E .
085 ] 0o ettt 5 o 2 S SISy ]
8 i m == BB i o]
- Z 0 e - f °
-5 = CPU benchmarking
08 flisSss-s MC Overlay 2.34s 4.86s
0 i:ggg'&”. : 0 1.04F % ol e E Track Overlay 3.26s 2.72s
T iPrsaaariidiillitilidesistisiidibiididitied 1.021 . B TSGR WIS : : S L
§ om A ? hartbbliililidsssesaaas : e Using track overlay provides a significant reduction in
e e o e e e e 4 osp - reconstruction time:
A Riiet particle =00 1000 1300 2000 2500 o Reduction of around 45% with respect to MC overla Configuration Overlay Reconstruction
(jet,p ) Jetp_[GeV] ) . . y
e No loss in performance due to modification of workflow Hybrid Overlay 2330 4030
(i.e. inclusion of ML decision) HlEIE e | |
e : : brid Overl
e Evaluated under Run 3 conditions (i.e. having el 3.25s 2.655
approximately 50-60 pile-up collisions per event) Hybrid Overlay (ML) 3.30s 2.71s
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regions of phase space (particularly in dense environments)

Performance is stated in HS06/events

Fang-Ying Tsai (Stony Brook University), Dominik Duda (University of Edinburgh), and Stephen Jiggins (DESY), ATLAS

for the ATLAS computing activity EXPERIMENT




