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Who cares about large radius tracking?

• We do!
• Several SUSY and 

exotics searches in 
ATLAS make use of large 
radius tracks
• Signatures including both 

displaced leptons and 
displaced jets

• Already public -> SUSY 
Displaced Vertex + MET 
search CONF note
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From ATLAS-CONF-2017-026
Impact on vertex reconstruction 
efficiency with addition of large 

radius tracks



What is large radius tracking?

• First off, standard tracking 
in the ATLAS detector 
consists of
• Silicon seeded tracking –

seeds and creates tracks in 
the silicon detectors (pixels 
and SCT) and extends them 
out into the TRT

• TRT seeded tracking –
takes seeds in the TRT and 
extends them inwards 
towards the proton-proton 
interaction point
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http://inspirehep.net/record/1484295/



Ok, what is large radius tracking?

• So, large radius tracking – a third tracking 
pass for reconstructing tracks with large 
impact parameters
• Uses the hits left over from standard tracking
• Like the first standard tracking pass, seeds 

tracks in the silicon subdetectors and extends 
them into the TRT

• Certain tracking parameters loosened  
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Standard Large radius
Maximum d0 (mm) 10 300

Maximum z0 (mm) 250 1500

Maximum |η| 2.7 5

Maximum shared silicon modules 1 2

Minimum silicon hits 7 7

Minimum unshared silicon hits 6 5

Seed extension Combinatorial Sequential
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Performance ground rules
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• To examine the performance, a 
cut must be placed on 
matching probability to 
determine matched vs fake

• Cut used for large radius 
tracking was matching 
probability of 0.5

• Fiducial selections on (signal) 
truth for MC test models
• Production radius and η cuts 

restricting the decay within the 
inner detector

• Only consider charged particles
• Consider “signal” particles –

results of the decay of the long 
lived particle in the test MC 
sample
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Truth particle fiducial selections
rprod < 440 mm

|η| < 2.5

pT > 1 GeV

charge = +/- 1

From LLP decay (signal)



MC signal models for testing
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Track reconstruction efficiency
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• Fiducial selections on signal truth in denominator
• Numerator considers tracks matched to those truth particles, 

reconstructed with standard tracking, large radius tracking, or either
• Contribution primarily from the large radius tracking after ~20-30 mm



Technical efficiency
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Large radius and standard tracking
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Large radius and standard tracking

• Technical efficiency – takes into account requirements for 
reconstructed tracks

• Requires truth particles to have energy deposits on at least 
7 active silicon layers

• Most displaced particles that still pass enough layers are 
reconstructed by large radius or standard tracking



Resolution
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• Resolution as measured by the standard deviation of the 
uncertainties of d0 and q/p vs pT

• The two signal test models are combined here to take 
advantage of complementary pT spectra

• d0 resolution distinctly worse for more highly displaced tracks, 
but also shows general improvement with increased pT
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Pileup dependence of large radius tracking
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• Pileup dependence matters because pileup levels will only increase in 
the future

• The standard deviation of the error on d0 is relatively stable as pileup 
increases

• Some degradation of the efficiency for the more displaced tracks 
indicating future work is needed to maintain effectiveness of the large 
radius tracking



Data/MC comparison
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• Large radius tracking 
performance on data vs MC 
simulation

• Comparison was done using 
minimum bias MC simulation and 
low pileup data collected with a 
minimum bias trigger

• MC tracks adjusted to match 
data 
• Event-wise weight applied for 

number of tracks/event
• Kinematic distributions weighted in 

MC to match those in data
• Events required to have a 

reconstructed primary vertex and ≥1 
track meeting basic quality 
requirements

• Distributions of the number of 
hits per track in each subdetector 
and average number of hits vs η
show very good agreement



Data/MC comparison
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• The distributions of the tracking 
parameters match well when the 
large radius tracking is performed 
on data and MC
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• Some discrepancies 
exist, these are 
partly attributed to 
features of the 
physical detector 
which are difficult to 
keep up to date in 
simulation (e.g. 
disabled modules)



Possible improvements for the future/analyses
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• Steps to reduce the rate of fake tracks, reduce CPU usage
• The rate of poor-quality tracks reconstructed with large radius tracking is fairly high
• CPU usage for full reconstruction more than doubles with the addition of large radius tracking

• Place a lower limit on the number of SCT hits – currently minimum cut is on total 
number of silicon hits

• TRT precision hit fraction – number of TRT precision hits/all TRT hits in a TRT 
extended track

• TRT precision fraction – current cut for standard tracking being relaxed quite a bit 
with increased pileup, but in large radius tracking this would be detrimental



Conclusion

• The large radius tracking is already contributing to ATLAS 
results

• It significantly improves our ability to reconstruct tracks 
coming from displaced decays

• Main obstacle to the track reconstruction efficiency is the 
requirement of ≥7 silicon hits in the track reconstruction
• Taking that into account, efficiency is ~90% up to a production 

radius of 300 mm
• Many improvements possible for the future

• Reducing CPU
• Retaining efficiency at high pileup 
• Reducing number of fakes without impacting efficiency
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Future thoughts

• Fully silicon inner detector
• Possible to reconstruct tracks further 

out in R
• Less material

• Less background 
from hadronic 
interactions

• Very high pileup
• Could be a serious 

obstacle
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Technical Design Report for the ATLAS Inner Tracker Strip Detector
CERN-LHCC-2017-005



BACKUP
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ATLAS Run 2 inner detector RZ 
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Types of TRT hits
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• Different types of TRT hits 
in TRT extended tracks
• TRT hole – the track would 

have crossed over the tube, 
but it is not fired

• TRT outlier – the tube is 
fired but the track missed 
the tube, or the track 
extension was poor quality 
and the TRT hits were 
downgraded to TRT outliers

• TRT tube hit – the tube is 
fired, but the signal has no 
leading edge in time, or the 
track didn’t pass through the 
drift circle

• TRT precision hit – the tube 
is fired, the track passes 
through the drift circle, the 
TRT extension improves the 
track

• A TRT extension may fail if:
• Number of TRT hits < 9
• TRT precision hit fraction is too low
• The track fit becomes worse after the extension



Test signal model truth particle distributions
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• Two different signal test models
• R-parity violating SUSY ultimately producing displaced leptons in the 

inner detector (validation focused on the muons which were output)
• Split-SUSY with an R-hadron ultimately producing displaced hadronic 

jets
• Both test samples produce particles with large impact 

parameters, in a η region conducive to inner detector studies
• Complementary pT spectra and outputs (hadrons/leptons), for 

testing
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Residuals for displaced leptons
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• Considering the residuals between the values of d0 and q/p for reconstructed 
tracks matched to signal truth particles and for the same parameters of the signal 
truth particles

• No bias found in measured tracking parameters
• Residual distributions somewhat wider for large radius tracks
• Extrapolation of tracking parameters more difficult for more highly displaced tracks



Residuals for the displaced hadrons 
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• Residual distributions for d0 and q/p for the displaced hadron 
sample

• Distributions are somewhat wider than those for the displaced 
leptons sample due to the softer pT spectrum and the wider rprod
spectrum. 
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Data/MC comparison, nHits and average nHits vs η
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Data/MC comparison in standard tracking

24

• From “Charged-particle distributions in 𝑠� = 13 TeV pp interactions measured with the ATLAS 
detector at the LHC” - https://arxiv.org/pdf/1602.01633.pdf

• Data vs pythia8 a2 MC for average number of silicon hits per track vs η before any 
requirement on number of SCT hits per track

• Data vs MC for the transverse impact parameter with respect to the average beam position 
d0

BL, before any requirement is placed on the d0
BL per track

• “Comparison between data and pythia 8 a2 simulation for … the difference between the 
longitudinal position of the track along the beam line at the point where d0

BL is measured and 
the longitudinal position of the primary vertex projected to the plane transverse to the track 
direction, z0

BL · sin θ, prior to any requirement on z0
BL · sin θ. The uncertainties are the 

statistical uncertainties of the data”
• “In [the center and right plots] the separate contributions from tracks coming from primary 

and secondary particles are also shown and the fraction of secondary particles in the 
simulation is scaled by 1.38 to match that seen in the data, with the final simulation 
distributions normalized to the number of tracks in the data. The inserts in the panels for [the 
center and right plots] show the distributions on a linear scale.”


