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Introduction

 Run 3 ATLAS Inner Detector Trigger
* Run 3 ID trigger performance
* Unconventional tracking triggers for Run 3 g
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ATLAS Inner Detector (ID)
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ATLAS Trigger Schematic Run 3 Trigger Layout
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Trigger Software Tracking Overview

e Signatures that use tracking:
- Electrons, muons, b-jets, taus, B-physics, long-lived particles
— Isolation for leptons

— Full Detector tracking for Jet and Missing Transverse Momentum
enables particle flow

» Closer to offline, better jet resolution, better pile-up rejection

* Crucial element of ATLAS trigger to find and save events needed for
physics program

* Designed considering speed and efficiency with respect to offline tracking
— Computationally challenging in high pile-up environment

* Full Detector (entire Inner Detector) and Region-of-Interest (small
regions around calorimeter or muon spectrometer signature)
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HLT Trigger Tracking Flow

Rol  Data Preparation

Retrieve raw Pixel and SCT detector data within region
of interest and cluster hits; space-point formation

____________

| Level 2-like

N

: { Data preparation J

/  Fast Track Finder (FTF) (unique to trigger)

| [ i J - First pass of tracking optimized for speed and efficiency

Y

: Trigger Object
Reconstruction and Hypo

- Seeding and track formation (slow)

} ﬁ  Optional ‘Hypo’, i.e. selection to reject event

AR SRS,

S S —

| Event Filterlike | l/ * Precision Tracking

: [ Precision Tracking
I

- Offline-like tracking seeded by Fast Track Finder to

| v increase purity and resolution of tracks
] [ Trigger Object ]

Reconstruction and Hypo

- Runs ambiguity removal between tracks

- Extension into Transition Radiation Tracker
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Run 3 Performance of Trigger Lepton Tracking

Efficiency

Timing

* Exceptional performance of inner detector trigger continues

ATL-COM-DAQ-

Efficiencies are

2023-075

with respect to
offline tracks

* New for Run 3: Gaussian Sum filter (GSF) for electrons (better for Brem.)
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New for Run 3: Improved Electron pr resolution with GSF

Normalised entries

* pr difference wrt offline tracks improved
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For Run 3: Speeding up tracking for Muon Isolation Rolnand ® are

wider for isolation
Run in second step after finding muon tracking

Better use of muon candidate to refine isolation tracking Rol to z, position of muon
candidate with a 10 mm half-width

- For Run 2, the z, width was not restricted
5x reductlon in executlon tlme efﬁmency remalns hlgh
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New For Run 3: Full detector tracking in HLT

» Want full detector tracking to improve trigger performance of jets and E;™ss
* No new FPGA/GPU-based solution for Run 3
* Full detector tracking is slow (~1.3 seconds / evt) and expensive
- Increase CPU farm performance
- Optimize tracking (filtering seeds [see backup], only FTF)
- Run tracking only when we really need it (~14 kHz, once per event)
. Calorlmeter-based preselectlon (eg 1 jet pT > 225 GeV or ET”"SS > 65 GeV)
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New For Run 3: Rol b-jet tracking + fast b-tagger for early rejection

Fast b-tagging at HLT: 2306.09738

(@

L1 jet | Calojet
reconstruction
low rateihigh rate l
FTF
on super-Rols
G :
FTF " Fast
Full-scan, for particle-flow b-tagging

jet reconstruction

PV finding

Merge Rols to ‘Super Rol’

Rol 0

Rol 1

Rol 4

—

super Rol

lei

Mean execution time per call [ms]

Fast b-tagging run as a
preselection before full detector
tracking

— 5 rejection factor for HH—bbbb

signature (2% loss)

Fast tracking in merged Rol around
jets

— Much faster than Full Scan

L L B S B S
160 - ATLAS Preliminary b-jet preselection
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https://arxiv.org/abs/2306.09738

Unconventional Tracking for Long-Lived Particles (LLPs)

: _ resnsnsednne.edaneg d|sappear|ng or:
Many unique, non-standard _ i displaced  : {idnked tracks :
signatures that rely on tracking - multitrack vertices & ftrrtArrmseamasse o
information for identification @ = AT " boltae

--=" (converted) photons

Only standard tracking was used =>:5{.j':,.‘;{ S

in the Run 2 trigger, with fh?éﬁlgééé'léﬁéﬁé:'% i j emergmgjets

coverage out to |do| < 5-10 mm :  lepton-jets, or = P\ - 45 e ;
= lepton pairs

- Not adequate for most L|_Ps/‘
Calorimeter and muon

spectrometer based triggers
generally have high thresholds
to keep rates reasonable

trackless,
| low-EMF jets

= quasi-stable .
charged articles:

multitrack verticesinthe \\ = = <essssiasmqesssans
. . . . muon spectrometer
Directly triggering on displaced .
objects keeps rates low while
improving trigger acceptance for H. Russell /
LLP searches LLP Whitepaper
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https://arxiv.org/abs/1903.04497

New LLP triggers for Run 3

ATL-COM-DAQ-2023-075

* Long-lived charged particles

- Disappearing track triggers (see CTD2022/backup)

- Large dE/dx Generally: _
* Make use of full scan tracking
- lIsolated high pr track « Apply additional requirements to
_ _ _ _ _ reduce Jet or MET thresholds
* Long-lived particle decaying into jets = Single jet threshold: 420 GeV
_ _ = E{™s threshold: 90 GeV
- Hit-based Displaced Vertex * Run Large Radius Tracking (LRT)
B Emerglng jetS Most of the following slides are MC-
based performance

— Displaced jets
* LLPs decaying into SM leptons (see CTD2022/backup for more)
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https://indico.cern.ch/event/1103637/contributions/4825735/
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ngh dE/dx

dE/dx: JHEP 06 (2023) 158

Signature: long-lived massive charged

particle

- Relatively large energy deposits in
silicon sensors on track

* Run 2 analysis:
- Trigger Ext™ss > 110 GeV
— Track pr> 120 GeV
- 3. 30 excess |n Run 2 dE/dx anaIyS|s
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* Directly trigger on high dE/dx tracks
» Full detector tracking after Ey™'ss > 80 GeV
> 1.7 MeV/cm

. pT > 50 GeV and dE/dx

= ATLAS Prellmm.ary
E Data2022, (s=136Tey =

>
o

i

Offline track
p,>12GeV

@
W g b
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N
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" Trigger track

Trigger track dE/dx [MeV cm?/g]

dE/dx > 1.25 MeV cm?/g
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_f
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n

Trigger dE/dx
from monitoring
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https://link.springer.com/article/10.1007/JHEP06(2023)158

Isolated high pr tracks

« Directly trigger on isolated high prtracks
* Use full scan tracking after Et™ss > 80 GeV

« Signature: long-lived massive charged | * pr> 120 GeV + track-based isolation
particle with detector (ID) stable lifetime

- Isolated track

—_
o

> I R LN U UL LA R - 0

2 - ATLAS Simulation Preliminary —0.45 £

. QL q14F . HLT EJ"* (pfopufit OR tcpufit) OR Iso. Trk. Trig. Qo
 Also motivated by dE/dx search § C 5 HLT ET"° Trig. (pfopufit OR tcpufit) —0.4 0
w qof HLT E7" (tcpufit) Distribution. 30.35 ©

] . o - lived =5 _ _ == c

- Would like to lower E;™ S |f =Tofinenaskwing, » 100GV . .. o 2
requirement for Run 3 searches = Ml<25.d,<52phclhis "o o § = e

E —0.25 w
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: n =02 5
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04E . 10ns Eara

o " di-stau 401 &y

0.2 ) —0.05 5

- - g T
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Hit-based Displaced Vertex

« Signature: long-lived neutral particle
decaying into jet/displaced vertex in the ID
volume

* Run standard full-detector tracking and find
left-over hits around jet

- Large number of hits on outer layer
compared to inner layer signature of
displaced vertices that are not
reconstructed

 BDT uses fraction of hits-per-layer to identify

this signature

Efficiency

1) Et™ss preselection and Jet with pr > 200
GeV and |n| < 1 passing BDT

2) Jet with pr > 260 GeV and |n| < 1
passing BDT
1 T I LI |

—_——
H-2S-.4b
my=1TeV
ms = 50 GeV, ¢t = 9mm

*+++*++++¢++++++++++++++++++++++}+*

ATLAS Simulation Preliminary

0.8

IIII|III[

0.6

IIIIIIIlIlII

0.4

IIIIIIIlIII

* Signal B (s=13 TeV E;™s-seeded .

o Background (it)  Hit-based displaced vertex trigger ]

0.2 H—2S —>4b —
my=1TeV 7]

mg =50 GeV,ct=9 mg

0
O VTO1OOn

10 20 °°307%°40 500 60 70 80
Pile-up < u >
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Emerging jets
* Signature: semi-visible jets often in
models with dark sector
— Displaced tracks and displaced
vertices in semi-visible jets

* Use standard full-detector tracking to
compute fraction of jet momentum
associated with prompt tracks (PTF)

- Expect low fraction for emerging jets

1) Central Large-R jets with pr>200 GeV

and PTF <0.08

 2)45 GeV Photon seeded with 2 Large R
jets with pr > 55 GeV and PTF < 0.1

* Overall efficiency depends on PTF

acce ptance
IIIIIIII | T T T T | T T T T ]
e = ATLAS Simulation Prellmlnary -
g - Ys=13TeV 4 200 GeV Emerging Jets Trig. .
E 1.2 Offline selection 460 GeV Large-R PFlow jet Trig. ]

0.4
0.2

0.8F
0.6F

obi

- Large-R jet p_ > 200 GeV, fn|<1.8
1_

AAAAA.!II!!!Q!IQQQ—
A A

C K _
- ® —
A
- m, = 1500 GeV
my, =20 GeV
ct=50mm
C o _
3 06eboeeed® 1.1
200 300 400 500 600 700 800
Leading offline large-R jet P, [GeV]
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Displaced jets
e Signature: displaced jet
- Jets without many prompt tracks
* Requires HLT jet with pr > 180 GeV
— Single jet threshold is 420 GeV

 Count prompt and displaced tracks with
pr> 1 GeV around AR < 0.4 of jets

Leading 180 GeV jet (ISR Jet) +
1) 140 GeV jet with Npromp< 1 and Ngisp = 3

2) Two 50 GeV jetS with nprompS 2 and
ndisp 2 3
- 2" jet may have ngisp 2 0 if Npromp < 1

[rrr[rrrrrrp o

— Threshold at |do|= 3 mm
Run LRT on remaining hits in Rol around

jets that pass preselection Nprompt < 2

> T T T I T T T l T T T | T T T I T T T

5} C : . .

¢ 1.4 ATLAS Simulation Preliminary .

(3] T Vs=13TeV A Displaced 55 GeV di-jet trigger

Eﬁ 1.2 Y  Displaced 140 GeV single jet trigger_|

C ¢  Comb (single OR di-jet) 4
- H-aa -
0.8

C ma.=55GeV, ct =100 mm % I

0.6F % v
0.4F é N
0.2 é -
C 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 I 1 I 1 I 1 1 1 | 1 1 1 I 1 ! 1 | 1 1L 1 }
‘P80 200 220 240 260 280 300 320 340 360

Leading offline topo-cluster jet P, [GeV]

Oct 11, 2023 (CTD 2023)

Jonathan D. Long (UIUC)

18




Displaced Taus

e Signature: displaced tau
- Hadronically decaying taus with
large do
e Standard single tau threshold of 160 GeV

* Retrained tau RNN to select displaced
taus based on standard tracking

* Additional trigger running LRT in Rol

around tau under development
1.4

) - ATLAS 'Simulation Préliminary ' 4 E
o [ Vs=13.6TeV Signal distribution 7] =
S 1.2% (100 GeV, 1 ns) 8 HT a5 megummnn rackear 12900 2
o - No d. selection = HLT_tau25_med!umRNN_tracktwoLLP n
L 1 __ Efficioency wrt. offline tracks v HLT_tau25_mediumRNN_tracktwoMVA ]
C —2000
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—
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0.2

Single tau: pr > 200 GeV
Di-Tau: pr > 80 GeV and pr > 60 GeV

Tau+X, seeded by X, with lower
thresholds

| — O  Combination (OR)
.£[ 77 (100 GeV, 1 ns) HLT tau25_mediumRNN_trackLRT

- ATLAS 'Simulation Prelimnay ' 6000
 ys=13.6 TeV Signal distribution .
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Displaced Electrons: Trigger Tracking Performance

Mean execution time per call [ms]

Signature: displaced electron
- Electrons with large do

Run LRT in Rol around Calo candidate

Performance measured with respect to

offline electron tracks

07—
ATLAS Preliminary
Data Vs = 13.6 TeV, October 2022
e Fasttracking

o Precision tracking
O

A

O

T I T T T T | T T T T I T T T
electron LRT

25

GSF reconstruction
Total Si data preparation
Total TRT extension
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Efficiency

pr > 30 GeV and do> 3 mm

Modified electron ID that doesn’t depend
on do or number of silicon hits
16— 100G€V,

C ATLAS Preliminary 1 ns di-selectron
" Data 2022, /s = 13.6 TeV ttbar (1 lep)
— LRT electron trigger, Offline electron pT>1 0 GeV, d0>2 mm

C [[] MC di-selectron, mass = 100 GeV, lifetime = 1 ns
] MC ttbar 1 lepton
” e Data
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________________
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Displaced Muons: Trigger Tracking Performance
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* Signature: displaced muon « pr>20GeV and do>2 mm
- Muons with large do
, , 100 GeV,
[ ] f
Run LRT in Rol around M§ candidate s 16 Lns dissmuon
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E zs}EataFiES:t:ai.gr;;eV, October 2022 = 1:_ MCtoar flepton _:
© C o Precision tracking ] C e Data e ]
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o | 500 —150 —100 50 0 50 100 150 200
%5 30 35 40 45 50 55
Data prep slower, FTF fasfer Pile-up <ii>
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Full Detector Trigger LRT Tracking Performance with K%

* Use offline K% vertices to measure trigger LRT performance
- pr>1GeV, do > 5 mm, opp. charge, 25 MeV mass window
- Match offline (STD+LRT) tracks to standard trigger tracks (and remove)
- Remaining offline tracks used as denominator

* Reprocessed special dataset to run trigger full detector LRT

Per track efficiency and efficiency of matching both tracks in vertex

Efficiency

LI B B B B L B B m L DL L B B L B ) SN L B BB B > L e B B L L L B
1 4 — P Kg candidate vertices, 472 <m_ < 522 MeV—| 8 1 4 — o Kg candidate vertices, 472 <m < 522 MeV—| Q - - K‘S’ candidate vertices, 472 <m <522 MeV—|
C ATLAS Pre“mmary Track selection:p_> 1 GeV, [d | > 5mm 1.9 C ATLAS Prellmlnary Track selection: p_ > 1 GeV ] 5 1.4 C ATLAS Pre“mlnary Vertex selection: Two tracks p_> 1 GeV ]|
- Vs =13.6 TeV Track matching (trigger - offline): B .,L:) - E =13.6 TeV Track matching (trigger - offline): - o ~ Vs =13.6 TeV Track matching (trigger - ofﬂiné):
1.2~ Data 2022 Iad,| < 2.5mm, AR <0.05 | &5 1.2~ Data 2022 IAd,| < 2.5mm, AR <0.05 ] = 1.2~ Data 2022 IAdy| < 2.5mm, AR <0.05 —
[ Enhanced bias events e Trigger LRT ] [ Enhanced bias events e Trigger LRT 7 [ Enhanced bias events e Both vertex tracks with a ]
1~ - 1= — 11— trigger match —
L ™ T ] C e, - Freee .

0.8 + ] 0.8 he i 0.8~ : P -
: y L ++_ . ] C ® —
0.6~ - 0.6+ — 0.6 | ]
0l 1 o4k —— E oab L@ E

- r ] TR — R IBL PIX0 PIX1 PIX2
0.2 = 0.2F 3 0.2 =
O".‘.I...I...\...\...\..‘I..‘I...I..,I.‘.I." 0".,|.‘.|,.‘|,..\.,.|‘..|.,.|..,|‘ 0'...I..‘.I....I....\....I....I\._
0 2 4 6 8 10 12 14 16 18 20 0 20 40 60 80 100 120 140 160 0 50 100 150 200 250 300
Offline track P, [GeV] Offline track |d,| [mm] Offline vertex r,, [mm]
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Conclusion

* Greatly expanded use of tracking in the HLT for Run 3
- Running full detector tracking for all Et™s¢ and Jet signatures
— New triggers targeting a wide variety of LLP signatures

* Tracking is the most CPU intensive part of the HLT, requiring
selective use and clever optimization

* Tracking continues to be a key element of the ATLAS Trigger
- Exciting prospects with new LLP triggers

* Excellent performance in Run 3 so far and continues to improve
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Backup
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dE/dx Run 2 search

* Follow-up using calorimeter timing. Events not compatible with

slow moving particle dE/dx+ToF:
> 1 06 T T 71 ‘ T T 71 I { R N N | I T 1T | T T
8 10°e ATLAS {s=13TeV, 139 b
o i SR-Inclusive_High p‘T'k >120GeV, | < 1.8
— 10 m(@) = 2.2 TeV, m(x) = 100 GeV, (@) = 10 ns
T {0k -rom®)=13TeV, t(x,)=10ns $ Observed
™~ --+-m(%) = 400 GeV, 1(@) = 10 ns
g 1 02 — Expected
= &
z 10 3
L 1 o)
107
1028 107 | TS

10—1;“| ‘V|||Vl I I | IVl | I [\ AN /] | [\ AN /] ]
0 1000 2000 3000 4000 5000
m [GeV]

Data / Pred.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-044/

Improvements for Run 3

* Unconventional tracking signatures
* Full detector tracking for Jet and Missing Transverse Momentum signatures
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Dlsappearlng Track Trigger

Modify tracking algorithm to save failed tracklets
— Run in full scan instances (MET)

» Categorize tracklets based on number of Pixel and SCT hits

 Train BDT based on various track-related quantities to
reject fake tracklets (parameters, x2,..)

% 7J_|||Illl|||||||||||]|||Fllllllllllllllllllllll_l
E c ATLAS Preliminary m
UC_] 6:_ High Level Trigger for Disappearing Track _: > O T T T - T T .
3 | e i o g § T e
g 55_ —— Signal (Simulation , y-*) _E %’ - 3 ]
S 4F —— Background (Data 2018) = - ATLAS Simulation Preliminary -
E Vs=13 TeV E _ High Level Trigger for Disappearing Track ]
3__ _ L o
C ] - w- ETS5>110 GeV —
2 = E > ET'*>110 GeV or -
1:_ B (ET'**>80 GeV & Disappearing Track) _|
O-:T N ) - E m- =91- 1000GeVr-1ns ]
_06 _05 _04 _03 _02 -01 0 01 02 03 atleast1x—decay|ngat13<r<30cm —
BDT score nl<1.8 :
* Improves acceptance over pure MET trigger for lower 3 PPN EP BT I I S IR
100 150 200 250 300 350 400

| >
momentum models! p_ of i system [GeV]
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HLTTrackingPublicResults#High_Level_Trigger_Run_3_Disappe

Large Radius Tracking (LRT) Displaced Decay

y.
 See J. Burzynski's talk from for information p }4 : ~
on improved ATLAS LRT for Run 3 >):/ G
- Key improvements B Bt

— Reduced number of fake tracks

M= 1GIG, le [e,u,1]

- Improved processing time 7 il LA A A A AR RS A AR
c . ATLAS - - == Expected limits B
I;I 10 V§=13TEV, 139 fb’1 Observed limits
. _ 10° Al limits at 95% CL il i
* Run 2 LLP searches generally relied on calorimeter E L
or muon-spectrometer based triggers with high & 107 %” B
thresholds (~60 GeV for two objects) — o R

- Impacted acceptance of interesting models such
as light displaced staus, which have relatively ——— 1o
low momentum decay products 162

s T S Iilllllt]lll\l!l\l\] IIIIIIII
L 100 200 300 400 500 600 700 800 900

Slepton Mass m()[GeV]
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https://indico.cern.ch/event/1103637/timetable/?view=standard#4-improved-track-reconstructio
https://link.aps.org/doi/10.1103/PhysRevLett.127.051802

Large Radius Tracking for Leptons in Rols Region-of-lntﬁpﬁggL ------

L
sector +1 | -Sector

sector —1

 SCT only seeding, without ordering by impact
parameter; tighter track selection than for prompt

* Single pass of tracking, unlike offline tracking that
runs on remaining hits after standard tracking

- Reconstructs pr>1 GeV and |do[>2mm
- Timing and performance acceptable without

extra complexity of two steps inner \ middle  outer
ol G 1 Number of layers
c [ ATLAS Simulation Preliminary ] a T ' ‘_ L = . «
S L1187V v Sundadps2Gey | = | ATLAS Preliminary ] required and size of
= - A LRTp.>24 GeV, [d |>2 1 (CISNY I ala s=1s e ] . S
u,_J r o COmEiT:ed iG> mm 8101§ P HLT Rol Muon Standard Tracking 3 ROI N q) ||m|t reaCh to
T 08, @ — 2 . i, — HLT Rol Muon LRT ] .
28, ., S =S ] large displacements
v BAsa g - |
0.6 - " o, 0 1 % F = 1
- f 2 2 107 =
04 ¥ Rol Muons: p, > 24 GeV, |d | > 2 mm | 2 E ATL-COM-DAO-2022-023
r v (Standard HLT tracking: [d |« 10 mm) 7 . R 5 ] - - Q- -
0.2 - vy B 10 3
B v VVy vV vV v Y v V: E I-":"': E
O | v b o b by L 5 v o Loy L |m| L II-T:| N e TR | - - - -
0 50 100 150 200 250 300 10 0 2 4 6 8 10 12 14 ATL COM DAQ 2022 026
Stau Transverse Decay Radius [mm] Normalised processing time

Oct 11, 2023 (CTD 2023) Jonathan D. Long (UIUC) 29


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HLTTrackingPublicResults#ATL_COM_DAQ_2022_023_Expected_Hi
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HLTTrackingPublicResults#ATL_COM_DAQ_2022_026_Expected_Ti

Expected LRT Lepton Trigger Performance

e Target displaced electrons and muons from a few mm out to 300 mm

» Efficiency with respect to offline tracks truth-matched to signal leptons

Iliowzr thhresholdz colmpar(_ad :0 Complements coverage in do
un < stheme and only a singie from standard muon chain
object required!
. n(1ooeev1ns) ‘ . - 1:1:(100GeV1ns)
g 1.2 _ ATLAS Simulation Preliminary . & " ATLAS Simulation Preliminary
3 [ Vs=13 TeV YV  Standard p_>26 GeV ] o L (5213 Tev V  Standard p >24 GeV
= A LRTp >26&ev Id,)>5 mm ] ks] 1= ]
o1 *Rol Electrons: |d | >5mm O  Combined = - RolMuons:p_ >24 GeV A  LRTp>24 GeV, [d >2mm |
S [ (Standard HLT tracking: |d | <5 mm) — [ (Standard HLT tracking: \d | <10 mm) 7
T r ] £ 08
0817 a2%ath a4 MMMMM mXXXXXV e X'XHX xhp0e A 4‘
06 [ + . 06 ? A 4
0.4 ~ a . 0.4 -
02 [ . 0.2 F -
. 3 i
O_'V“v/‘v"v"‘v"\«"vvv‘V‘ ‘ ‘"““"“#““_ 0 T
0 50 100 150 200 250 300 20 0 5 10 1 5 e

Offline Track P, [GeV] Offline Track d, [mm]
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HLTTrackingPublicResults#ATL_COM_DAQ_2022_023_Expected_Hi

Full Scan Large Radius Tracking

* Useful for signatures without obvious Rol or adding LRT to jets

* Runs as second pass after standard tracking, otherwise similar to Rol LRT
- 1.7x mean processing time compared to standard tracking

* Optimizations for processing time reduce efficiency compared to offline

tracking
? 1 4__ATLAISISI. ' II t‘_ | IP T I_‘ .‘ I T ' ! ' I ' ' ! ' ‘ ' T T ‘_ g 1: T T T T T UL S | LI . | T I T T T T ' T T 9
AL imulation Preliminary ] i g s 3
;8 C Vs=13TeV V HLT FS Standard Tracking 7 :,E, L ey S:tl;Az%J;r?iglrzu;gr}I;_ev i
g 12 - R-hadron AHLTFSLRT B 5 [ HLT FS Standard Tracking |
5 - m=12TeV,ct=300mm O HLT Combined (Std + LRT) R2] —  HLTFSLRT
L : . . 8107 E
3] - ld; 122 mm ® Offline Reconstruction ] E F——  hesen £
= - Efficiency wrt Truth . = B ]
bc‘) 08 ; -] = : ...... :
s 1 I |
Da:) 0.6c® . 1 s
. - 0%e, ] e e E
S 047A%R R o0 ] - .
© B R e ] C ]
. 0.2/A @@@ ] % y - T 1
2 o0 g0 -]
- V Qﬂnﬂﬂ .a o .aa ® = ISP B
O B vAvVAAvAviiviivivilviiviiviiviiviiviiviiviiw ! ’!‘ ’:‘ ‘:‘ : £ 1 073 v b e b e b by ey by B
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R-hadron transverse decay radius [mm] Normalised processing time
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HLTTrackingPublicResults#ATL_COM_DAQ_2022_023_Expected_Hi
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HLTTrackingPublicResults#ATL_COM_DAQ_2022_026_Expected_Ti

LRT Lepton Eff vs Prod Radius

17 (100 GeV, 1 ns)

ATL-COM-DAQ-2022-023

71 (100 GeV, 1 ns)
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HLTTrackingPublicResults#ATL_COM_DAQ_2022_023_Expected_Hi

Additional LRT Full Scan Eff
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Speeding up Full Scan
tracking
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Speeding up Track Seeding

Full scan tracking is time consuming

Seeding, forming of triplets, first step
In combining hits into tracks

Number of seeds increases rapidly
with number of hits (e.g. larger pileup)

Number of seeds also impacts time
needed for later steps of tracking

Speed up tracking by rejecting bad
seeds from the start

Doublets in seed

0 = angle of doublet

ATLAS Simulation Preliminary

Monte Carlo 13 TeV tt <u> =80

, W“s 0.4 mm
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HLTTrackingPublicResults#ATL_COM_DAQ_2021_003_Machine_Lea

ML based filtering

* Train classifier on cluster width in n and
doublet inclination angle with respect to the

Z-axis

* Train for pixel-barrel and pixel-endcap doublets
and standard/long pixel combinations (banding)

" ATLAS Simulation Preliminary

||||||||||||||||||||||||||||

bin(lcot(0)l)

Monte Carlo 13 TeV tt <u> = 80, w <0.4mm

® ML-based classifier (AUC = 0.79)
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False Positive Rate

* Turn acceptance region of doublets into look

up table
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HLTTrackingPublicResults#ATL_COM_DAQ_2021_003_Machine_Lea

Resulting Reduction in Processing Time

Seed Generation Seed Processing Track Fitting

1.3% 3. 3% 1.5%

Total Speed-up Factor
23%

* Large reduction in seed processing
time and total fast tracking time

 Minimal loss in efficiency

* Robust improvement with

Efficiency [%)]

M

100‘. — _‘_‘__ :_;:_L_‘_‘__;‘H ]

(@]
o
T T T
|
-- g
.
-

- ATLAS Simulation Preliminary
40— Monte Carlo 13 TeV tt <u> = 80 full detector fast tracking —
Truth track pr> 3 GeV ]

e with Machine Learning extensions

20

- - without Machine Learning extensions

T IS S NN N RS NSRRI BRI
QS -2 -1 0 1 2 3

Truth track n

Increasing pileup

< pu > Efficiency Loss (%)

Total Speed-up Factor

40 0.7 1.6x
60 0.7 2:1%
80 1.1 2.3x
Oct 11, 2023 (CTD 2023) Jonathan D. Long (UIUC) 37


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HLTTrackingPublicResults#ATL_COM_DAQ_2021_003_Machine_Lea

Optimizing Full Scan Tracking for Jet and MET Signatures

R =443mm ATL-COM-DAQ-2022-022
* No mixed Pixel+SCT o Q
triplet seeds R = 290mm
- ‘PPP’ and ‘SSS’ only ]
* 1.9x mean event e [
) . Pixels L
processing time Speed UP Seeeeinle Ceres Restricting Z Rol width to decrease
y 098 T & CPU time for small efficiency loss
SN = imulation Preliminary , o
e i $§ :4;## $i+ii # ¢§¢$ﬁ 3 | Monte Carlo Vs = 13 TeV tf <y> = 60 ' g
0.96— i + # - = 1 Beam Spread in z Direction o, = 43.7 m ; . g
; E Ce Efficien.cy . / _:0_9;
0'955 ATLAS Simulation Preliminary - QiSSr ENomalzeaiime 1 3
0.94 Monte Carlo s = 13 TeV tf <u> = 60 ] i —:0.8
: Pixel-Pixel-SCT (PPS) Seeds Enabled : 0.96 B ]
0.93:_ #PPS Seeds Disabled _g 0.94:_ ’ R F—— .—50.7
PR i p g v | ET
Offline Track ¢ co ) R o TR S & AP, o
.. . . . 100 120 140 160 180 200 220
Minimal loss in efficiency 2 Window Half Width [mri
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Other backup material
Run 2 / Rol detalls
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Timing for Muon Trigger Eur. Phys. J. C 82 (2022) 206
Tracking

» = T T T
(] — . . [%2] rrrryrrrrrrrrTr T T T T T T T T T T wn ET LA L N L L L L=
= F — Pixel clustering <t>=9.574 + 0.022 ms 2 — Muon isolation fast tracking <t >=1158+ 1.6ms G:J E — TRT data preparation <t> =8.777 + 0056 ms
] 1= - SCTdlustering <t>=5114£0016ms = E 1 - Muon fast tracking <t>=39.69  0.10 ms i € - TRT track extension <t>=1.007 = 0.011ms |
ho] 3.’: -+ Spacepointfinder <t>=4.313+£0.014ms 3 - E! -+ Muon precision tracking <t > =6.834 + 0.053 ms 'GD) 16 —
3 T 1 8 & 3 ATLAS

0 —1 - 2 [ i 3 F:

5 107g ™ ATL‘{-AS E T 107 ATLAS = 2 Fi Data Vs = 13 TeV, September 2018

= F i Data Vs = 13 TeV, September 2018 I Eii. ! Data Vs = 13 TeV, September 2018 3 g 10,1 L Pile-up <> = 52 -
S - g Pile-up <ut> = 52 5 Pile-up <p> =52 € El ) E
=] —2 X, ] b4 o o F o Muon signature

Z 10°E Muon signature 107 E Zz

— >

10—3 ; ary i 10° %

= B TRT

, = Data Prep 3 extension
10 E el T b E Eoo 3
ok DL R R TR |

0 10 20 30 40 50 60 70 80 90 o 0 10 20 30 40 50 60 70 80

Processing tim Rol Processing time per Rol [ms] o
g time per Rol [ms] Processing time per Rol [ms]

e Clustering and spacepoint formation is fast: 4-10 ms

e Fast Tracking mean of 40 ms (tail up to 300 ms), precision tracking 7 ms
* Tracking for isolation in wider Rol is slower around 116 ms

« Extension to TRT is also fast, under 10 ms

e Sum of mean times < 200 ms
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Lepton Tracking Efficiency and Resolution vs Offline Tracks
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Improves object resolution
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Two Stage Tracking

* Allows for updating Rol after first pass to optimize CPU performance and
EE T 1 """""" efficiency—improvement over single stage strategy

1 Fast tracking
I

[ omeese 1o Jged for tau and b-jet triggers

| FaStTraJikFi”der e _ Run first pass to find luminous / vertex region in Z with narrow eta and phi

Trigger Object
Reconstruction and Hypo

Second stage
Rol generation

______________________

- Second pass with restricted Z region, but full eta and phi

| Fast tracking

1 ) 15 T T =
1 [ Data preparation ] e f:j E ATLAS E
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Two Stage Tracking (taus and b-jets)
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Merging Regions-of-Interest: ‘Super Rols’ Eur. Phys. J. C 82 (2022) 206

« B-Jet triggers are most costly in terms of CPU resources
» Jet triggers may have multiple Rols per event used to seed b-jet trigger

- Merging the Rols into a single event wide Rol reduces the overhead from
overlapping regions, e.g. data preparation

* Two stage tracking strategy to first find luminous region and then for b-jet vertexing
- Primary vertex cached per event from most expensive step (vertex fast tracking)
- Vertexing itself is fast <10ms [ O(1) ms for lepton Rols ]

:]:’ C ii -jet vertex flast tracking < t|> =46.19+% 0.52 ms
€ 1L - brjetfast tracking <t>=28.92 + 0.18 ms _
Merge ROIS to ‘Su per ROI’ % E -+ b-jet precision tracking <t>=12.45% 0.09 ms 3
2 ATLAS
g 10 Data Vs = 13 TeV, September 2018 5
Rol 0 S Pile-up <u> = 52
super Rol z
1072 =
. Rol 4 R :
q : i
0% E
4 Rol 3 l 4 | E
Rol 2 : 10 e |_| H H E
E. 40y oo i g
0 100 200 300 400 500

U n Processing time per Rol [ms]

Oct 11, 2023 (CTD 2023) Jonathan D. Long (UIUC) 44


https://doi.org/10.1140/epjc/s10052-021-09920-0

Fast Primary Vertex Finding

. E 1; --- Histogram vertex finding <t > = 0.287 + 0.003 ms N
 Extrapolate tracks back to beamline g o
g 1071 i_ Pile-up <pu> = 52 =
* Histogram count of tracks compatible with 2 M
windows in Z T E
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* High efficiency vs pile-up and faster ™
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Electron and b-jet Timing
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--- TRT track extension <t> =3.053 + 0.024 ms
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Electron precision tracking resolution worse than FTF at low pT

1

".'_' \C T T T LI T T T T T T
> g e
® 0090 ATLAS 3
Q - Data 2016 -18 Vs = 13 TeV 3
g 0.08 ;* Offline tight electrons, track P> 5 GeV *;
3 0.07 f_ .( ® Offline E;> 5 GeV : fast tracking _f
o E © Offline E;> 5 GeV : precision tracking 3
® 0.08F -| 3
o e T 0 Offline E;> 26 GeV : fast tracking B
Q.}_ 0.05F | A Offline E;> 26 GeV : precision tracking —|
- E T =

0.045 © b A =
0035 - E
e oA =
02F . o3 ]
0.01= o se 3
e e ] 7

E o = ¥ i * ] [ b

C 1 1 | L $| |g |i |E L8 AN

20 30 40 50 107
Offline electron track P, [GeV]

i
U'l -
(e}
-~
co
©
—
o

SCT Hit

Trigger SCT clusters

11

Multiplicity

105

® ©
® & o »u o

N
o

T
ATLAS
Data 2018 Vs =13 TeV

Offline tight electrons, ET > 15 GeV

15 GeV electron trigger
* Fasttracking
o Precision tracking

Eerv b ® i b b b b b

~
o

567 10 20 30

102 2x10°

Offline electron track P, [GeV]

These are likely electrons that have radiated (track

o M7 .
2 FE ATLAS E
E 10.5; Data 2018 s = 13 TeV 3
ﬁ E  Offline tight electrons, E, > 15 GeV E
Q 1 0; 15 GeV electron trigger B
cf F e Fasttracking 7
@ 9.5 " ) —
o E o Precision tracking 1
2 C i
=S E
85— oo, °p0 g
E * * q dg0 8 ' ¢ N E
8 g %% 40 o *e?
F oe s i 3
7.5 e
F e 3
R E R E I I R B
3= 0 1 2 3
Offline electron track n

°

pT<<threshold)
°

FTF likely rejecting outermost SCT hit

— Track not getting pulled by outer hit

— Better resolution for pr based on inner hits
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Vertexing Resolution
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