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RLEAR ATLAS Inner Detector s

Transition Radiation Tracker Transition Radiation Tracker Pixel detector
(TRT) — endcap (TRT) — barrel

Insertable B-Layer
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(SCT) — barrel
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Track Reconstruction in ATLAS



AR ATLAS Inner Detector -

R=1082mm

4]

R =554mm
R=514mm

R =443mm e
SCT

R=371mm
R=299mm

R=50.5mm
R=33.25mm

R=0mm

R=122.5mm
Pixels R =88.5mm

* Superconducting 2T solenoid

Track Reconstruction in ATLAS
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. Inner detector track reconstructionup to |n| = 2.5 (6 =~ 8°)
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https://cds.cern.ch/record/1291633/files/ATLAS-TDR-019.pdf
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e 4 pbarrel and 9 endcap layers of silicon
strip sensors (80 um pitch)

e Fach module consists of 2 sensors that
are mounted back-to-back with a stereo
angle of 40mrad
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https://www.sciencedirect.com/science/article/pii/S016890020601388X
https://iopscience.iop.org/article/10.1088/1748-0221/17/01/P01013
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Run Number: 191190, Event Number: 19

Flectron drift lines from a track

Particle: e”, Ekin=10 GeV
Gas: CO, 27%, 02 3%, Xe 70%, T=293 K, p=1 atm
! ! ! ! ! ! | o N O R

jate: 2011-10-16 16:11:14 CEST

o 350k drift tubes filled with Xe- or Ar-based gas mixture

» Radiator material around each tube triggers transition radiation for high
relativistic particles - x-ray photons absorbed by active gas can be distinguished
from ionisation signal (2 readout thresholds) - used tor particle identification

Track Reconstruction in ATLAS
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https://iopscience.iop.org/article/10.1088/1748-0221/12/12/P12009
https://arxiv.org/abs/2305.16623
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Fract. of Trks with Pixel Hit

o Effect is well described in simulation - included since Run 3 081 o Fun 3000 GV« Fum 3900 GoV
— Run 2 2015 — Run 2 2015
0.75[~....Run22018 Run22018
* [hresholds need to be adapted over time: trade-off between 07—

noise and hit efficiency Track [n|
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-033/
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Specific energy loss can be used for particle identification
Cluster charge in pixel detectors or time-over-threshold in TRT
* Mostly used for exotic particle searches (multi-charged, magnetic monopoles, ...)

e |In addition: particle identification from transition radiation signal in the TRT

Track Reconstruction in ATLAS


http://cds.cern.ch/record/1336519?ln=de
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-128/
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A Track Finding in ATLAS

ATLAS Primary Tracking

Ambiguity TRT Extended
Resolution Track Refit

Space Point & Drift Pixel & Strip

Circle Formation Seed Finding sl

ATLAS Back-Tracking
TRT Segment Finding in Calorimeter . 4 Ambiguity TRT Extended
Regions of Interest Aol Resolution Track Refit

 Run multiple track finding passes on the available hits using ditferent strategies

and constraints: primary tracking, back-tracking, large-radius tracking (+
dedicated setups for low-p, heavy ions, cosmics, etc. that are not run on all

events by default)

Track Reconstruction in ATLAS



AR Inside-out Tracking

Transition P

e

e iation : * Find all valid combinations of SCT and
Raclan o 0o 0 oL pixel hit triplets (no mixed seeds):
........................................ O
...................... °© "o m pr> S00MeV, dy < Smm, z5 < 200 mm
S — Space point s xS, e Seeds are processed depending on their
br FUR score: high-p, low-dy and a compatible
-' hit in a 4th confirmation layer are preferred
Silicon : : —: :
Detectors  Combinatorial Kalman Filter is used to
extend seeds inwards and outwards
e Confirmed Si-only tracks are extended
into the TR
Nominal L. |
Interaction « Global y~-fit is used to extract the final
Point

track parameters

Track Reconstruction in ATLAS
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Seeding Performance
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» SCT seeds are formed first. They allow to define the beam spot region, which
can then pbe used to discard large z, seeds

Track Reconstruction in ATLAS


http://cds.cern.ch/record/2882156
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Eur. Phys. J. C 77 (2017) 67 B I N A B

a ys. J. C (2017) 673 é 104— ATLAS 128r(g)edGeV<p’:t<1200GeV -

tr:c?ll(csu;?;ees Order tracks Fit tracks fulfilling = = \s= 13 TeV, 3.2 fb™ . Eata ) 0= 1 (5)'028 £ 0.005(stat) -
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: (process from (Neural network used to 10° & A .- Single-Track Contribution =
Reject tracks highest to lowest) predict cluster positions) = i~ Multiple-Track Contribution =
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2 oo ' _
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. or U, I e SR S
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track candidate = too many shared clusters E 0 TS R ++ ------------------------------------------------- —

(Neural network used to
identify merged clusters)

05 1 15 2 25 3 35 4
dE/dx [MeV g'cm?]

* An elaborate scoring is used to classity track candidates based on the number hits, number of holes, shared
clusters, etc., before passing the tracks to the final track parameter fit

o For regions of interest within high-p jets shared hits are attempted to be split by a neural network. A second
mixed-density network is used to assign position uncertainties to the split clusters

« The rate of merged clusters in jets can be measured in data using the dE/dx distribution extracted from the
cluster charge

Track Reconstruction in ATLAS


https://link.springer.com/article/10.1140/epjc/s10052-017-5225-7
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» In the core of jets, tracks can pass through the name or adjacent pixels, leadingto  &,..F " amias<ertev | =
o T ]
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§ 0.25 — L MC, NN Clustering =
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e A simple center-of-gravity algorithm results in wrong hit position and larger T 025 im e MC, CCAClustering =
uncertainties due to the cluster size 20E E
- 0.1F —
. o . . 80.05E- =
e Using the incident angles of the track candidates passing through a merged % E
cluster candidate significantly improve the cluster splitting performance Q 128 | B
S B - CCA ) ]
S e A I & S
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of shared clusters AR(track, jet)

Track Reconstruction in ATLAS
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https://iopscience.iop.org/1748-0221/9/09/P09009/
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* By default all trajectories assume pion tracks - electrons can have significantly larger energy
0ss from Bremsstrahlung which leads to larger scattering angles

* Allow additional scattering probabilities, modelled as a sum of Gaussian distributions
(Gaussian Sum Filter)

Track Reconstruction in ATLAS


https://cds.cern.ch/record/1449796?ln=de

alirt TRT Track Extensions

e [racks from the Si-only tracking are ATL-PHYS-PUB-2015-018
attempted to be extended into the TRT

s | i SRR

o All TRT straws consistent with the track road &£ 1 : e LooseTracks
are considered and labelled as “precision s o8f E
hit” if the track passes within 1.75¢ of the g 06f =
TRT drift-circle. Hits that are not precision E—; 04 F E
hits get a penalty in the fit T2 E

« Several iterations of the g\oba\)(z fit are % N SO P
perfgrmed until it converges. Omy - 0'9—52?5'"—'2"'—'1'.'5"'—'1"'—'0'.'5"'(')"'0.'5"'1'""1.'5'"'2'"5.5
candidates with more than 30% precision "

hits are accepted as IRI1 extensions to
ensure improvement of the track parameter
measurement

Track Reconstruction in ATLAS


http://cds.cern.ch/record/2037683
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Back Tracking

e [0 recover photon conversion tracks and other late decays, /
a back-tracking pass is run after the inside-out tracking

. Start from EM cluster with E. > 6 GeV to define a region of ey
interest -

 Use Hough-transformation of all TRT hits in this ¢-region in
a to form segments and define the initial track parameters

» ook for Si-hit pairs that confirm the TRT segment, and run . )
the usual inside-out Kalman-Filter + TRT extension to ) R
finalise the tracks n I

 TRT segments that find only 1 or O Si-hits are not used as
track candidates in general, but still used in photon
conversion tagging

Track Reconstruction in ATLAS
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R Inner Detector Alignment

Fur. Phys. J. C 80 (2020) 1194

Silicon EndCap %

(z<0) Silicon Barrel Silicon EndCap \HW%/ Seeeees
. (2> 0) ’
_ = x

/ /

L = ====== x
Z/ = = >z [\#7!

y/ y/
LLLLJ\J\J\J
TRT EndCap "
(z<0) TRT Barrel y TRT EndCap

(z>0)

e [he detector modules are not tfixed in space: They move whenever the magnets are turned on, due to
temperature effects, bending, etc.

* [hese effects need to be considered for ultimate precision
« Use muons from Z and J/y decays to determine all module positions and orientations by gloloal)(2 minimisation

* The alignment constants are updated for all runs, and even within runs (not all degrees of freedom)

Track Reconstruction in ATLAS


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/IDTR-2019-05/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/IDTR-2019-05/
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ATLAS Long-Lived Particles

Eur. Phys. J. C 83 (2023) 1081
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« Tracks originating from long-lived decays (K, or BSM particles) often fail the default track parameter cuts

« Run dedicated pass on remaining hits with significantly relaxed requirements (d, < 300 mm,
zo < 500 mm). Only consider SCT seeds since pixel hits are mostly missed.
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* [he original version was only run on 10% of the data due to the large CPU time consumption.

o Significant reduction in run time by allowing at most 1 hole and narrowing the search road: losing
about 5% track finding efficiency allows to run this algorithm by default on all data

* [he large number of fake tracks at high pile-up gets reduced once physics requirements are applied
(like secondary vertex fit)
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* The tightened selections results in 1-4% loss of track finding efficiency but reduces the
number of fake tracks by more than one order of magnitude, especially at high pile-up

» Jotal speed up of up to factor 2, and and a reduction of event size by up to 40%, due
to the reduced number of take tracks
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« Find maxima in track density along z, group tracks accordingly before using them for a primary

vertex fit. Use the Gaussian smoother algorithm for the seed definition since Run 3 (before we
used mode finder)

Compatible tracks are combined in a weighted Kalman-Filter in the Adaptive Multi-Vertex Fitter

 Each track is assigned a weight for each vertex association. The track-to-vertex association Is
defined by cutting on these weights
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Number of interactions

e Jrack finding follows the same principles as the current ATLAS tracking: find and confirm seed triplets in the
pixel detector, extend using a combinatorial Kalman filter

e At the expected pile-up of 200, the ITk maintains a very similar track reconstruction efficiency and a
significantly reduced number of fake tracks, allowing track finding up to || = 4

* [he baseline inside-out tracking is iImplemented and stable - work on special cases and extra tracking passes
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We still have 15+ years and most of the
integrated luminosity ahead of us!

Track Reconstruction in ATLAS


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2023-06/

