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REAL-TIME FLAVOUR TAGGING
SELECTION IN ATLAS
 An important part of the online event selection is the ability to distinguish between jets arising from heavy-flavour
quarks (b- and c-jets) and light jets (u-, d-, s- and gluon jets).
 Essential for many physics analysis that include processes with large jet multiplicity and b-quarks in the final
state, such as: fully hadronic 𝑡𝑡 and 𝑡𝑡𝐻, Standard Model Higgs boson decaying to pair of b-quarks (𝐻 → 𝑏𝑏),
exotic signatures with multi b-jet final state, e.g. 𝐺 → ℎℎ → 𝑏𝑏𝑏𝑏, 2HDM Higgs boson produced in association with
a b-quark (𝑏𝐴 → 𝑏𝑏𝑏), some supersymmetric signatures, …
The ATLAS Trigger System

 Many changes were implemented to the ATLAS b-jet selection at the trigger level for the Run-2.

Two-staged trigger system that allows a
selection of events which are thought to
be of interest.

The ATLAS Inner Detector

Level 1 (L1)
 Hardware based (fast electronics).
 Regions-of-Interest (RoI’s) in (𝜂, 𝜙)
space, based on Calorimeter/Muon
data with coarse information.
 Components: L1Calo, L1Muon, L1Topo
and Central Trigger Processor

Measure charged particles tracks and determine their charge, momentum,
direction and their vertex location up to |η|<2.5 in a 2 T solenoidal magnetic field.
The inner detector consists of three sub-detectors:
 Pixel detector: 3 + 1 (IBL) layers and 3 disks of silicon-based pixel detectors.
 Semi-Conductor Tracker (SCT): 4 layers and 9 disks of stereo silicon strips.
 Transition Radiation Tracker (TRT): Straw drift tubes (tube diameter 30 μm).
Insertable B-Layer (IBL):
 new barrel layer of pixel detector situated closer to the interaction point.
 improved tracking performances  better b-tagging performance.

High Level Trigger (HLT)
 Software based – fast algorithms
applied for defined RoI’s (PC farm)

Tracks are essential ingredient for b-tagging.
Tracks are associated to calorimeter jets based on their angular separation
∆R(track, jet).

Total event rate reduction: 40 MHz 
(L1) 100 kHz  (HLT) 1 kHz  disc

Properties of a b-jet

New for the b-jet triggers in Run-2

Jets containing a b-quark can be
distinguished from other jets by:
 Positive transverse Impact Parameters,
𝑑0 , w.r.t the Primary Vertex (PV) for the
tracks that are associated to the jet.
 Displaced Secondary Vertex (SV), due to
significant B-hadron decay length
(relatively long B-hadron life time: ~1.5 ps)
 Non-isolated associated lepton (~40%
BR)

Incorporated into algorithms designed to
calculate a probability that a jet originates
from a b-quark.

L1 Topological module
(L1Topo)
The L1Topo receives data from
the calorimeters and muon
detectors to be processed into
several topological algorithms.
 geometrical cuts
 correlations
 calculate complex observables
such as the invariant mass.

New b-jet trigger configuration
In the HLT most signatures process RoI’s
separately.
 Some regions of detector are being processed
multiple times (track overlap) while finding PV.
 Wasting CPU resources.
Solution: Form topologically unique “superRoI”, find PV and then process each RoI
knowing the position of the PV.

L1 Topo allows geometric
matching between a muon and jet
at L1 → allows for a selection of
the semi-leptonic B-decays
→muon-in-jet triggers

b-jet triggers in 2015

Offline algorithms

b-jet triggers were used successfully during 2015 data taking period.
Major improvements that were tested are:

1. Implementation of a new software configuration to improve tagging (both
configurations were ran in parallel in order to get one on one comparison)
2. Porting of offline taggers (MV2c20) to the online environment
(provided a few MV2c20 chains for testing).
The expected
online b-tagging
performance in
terms of: light-jet
rejection

Wide range of b-tagging algorithms.
Convenient to use the same algorithms as the offline reconstruction.
 IP3D: Uses information about the transverse and longitudinal impact parameter
significances of the tracks that are associated to
the jet.
 SV1: Reconstructs the SV in the jet and uses
information about the SV.
 Jet Fitter: Likelihood technique that exploits the
topology of weak b- and c decays.

MV2c20
 Variables obtained from IP3D, SV1 and Jet Fitter
are combined using boosted decision tree (BDT).
 Background: 80 % light-jets + 20 % c-jets
ATL-PHYS-PUB-2015-022

and c-jet
rejection

Fast Tracker - FTK
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Output rates of ATLAS multi-b-jet
triggers in 2015 (50 ns).

 Electronics system that rapidly finds and reconstructs tracks for every event that
passes the L1 trigger before HLT processing.
 FTK will increase the trigger acceptance for b-jets at low transverse energies
 FTK tracks can help to distinguish jets from the primary interaction from additional
low Et jets arising from pileup interactions.
Quality of the track is
improved at the HLT by
refitting the existing
patterns

For 2016 new optimization is required
to adapt to higher luminosity!
More improvements in 2016
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/BJetTriggerPublicResults
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End of 2016!
https://twiki.cern.ch/twiki/bin/view
/AtlasPublic/FTKPublicResults

