
 measuring the negative tag rate on data by  

The ATLAS trigger system decides which collision events are saved for offline analysis. It consists of two levels: 

Level 1 (L1): 

• Hardware based using custom made electronics. 

• Reduced detector granularity from calorimeters and muon system. 
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The ATLAS (A Toroidal Lhc ApparatuS) consists of three main parts. 

Inner Detector is the closest to the beam pipe. It is composed of several subsystems: 

Insertable B-Layer (IBL): Additional pixel layer located between the beam pipe and the  

former inner pixel layer which has been added for Run 2. Will significantly improve the 

 b-tagging performance. 

Pixel detector: 3 layers and 3 disks of silicon-based pixels. 
SemiConductor Tracker (SCT): 4 layers and 9 disks of stereo silicon strips. 

Transition Radiation Tracker (TRT): Straw drift tubes (tube diameter 30 μm). 

Calorimeters consist of electromagnetic and hadronic calorimeters. 

The Muon System is designed with two separate sets of detectors: trigger chambers and precision chambers. 

The ATLAS Detector 

Calibration 

The identification of a jet arising from a b-quark is 

experimentally possible due to their distinct properties: 

• Lifetime: ~ 1.5 ps 

• Heavy mass: ~ 5.3 GeV 

• Semi-leptonic decays:  

     - b ⟶ μ + X      
                         direct decay 

     - b ⟶ c + X, c ⟶ μ      
                         cascade decay 
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The possibility to identify and tag jets originating from b-quarks at the trigger level is an important aspect for many physics analyses, such as: fully 

hadronic tt, single top, Higgs bosons decaying to a b-quark pair, VBF H (H→bb), fully hadronic ttH, bA→bbb, exotics – multi b-jets, 

supersymmetric signatures. e.g. 3rd generation squarks. 

High Level Trigger (HLT): 

• Region of interest (RoI) from L1 decision. 

• Run custom algorithms incorporating, where possible, offline tools. 

Main hardware upgrades 
The Level-1 Topological Trigger (L1Topo) Fast TracKer (FTK) 

Improvements during the shutdown will allow for more efficient b-jet triggers. Due to 

the HLT upgrades, especially the ability to use complex offline b-jet tagging 

algorithms directly at the HLT, more advanced b-jet triggers (e.g. multivariate 

combinations of properties sensitive to the flavour of the jets) will be used for the 

collection of LHC Run II data. Using new “offline like” b-jet triggers will also improve 

the correlation between offline and online significantly, further improving the 

performance and simplifying the calibrations for Run II. 

JetProb - calculates the probability for a jet to 

originate from the primary vertex using the 

signed transverse impact parameter 

significance of tracks associated  to the jet. 

IP3D+SV1 – combines a likelihood calculated from the signed transverse and longitudinal 

impact parameter significance distributions with a likelihood based on the key secondary 

vertex properties: the mass, the number of two-track vertices and the fraction of the charged 

energy of the jet from tracks at the secondary vertex. 

Mistag rate: the probability of mistakenly tagging a jet 

originating from a light-flavour parton (u-, d-, s-quark or 

gluon) as a b-jet → Negative tag method: The mistag 

rate is estimated by measuring the negative tag rate on 

data by reversing the sign of the impact parameter of 

tracks and the decay length significance of the secondary 

vertices. This is then corrected to a mistag rate by 

accounting for the presence of heavy flavour jets and for 

light-flavour jets with displaced decays [4].  

b-tag efficiency 

The performance of b-tagging algorithms is measured using data in order to correct for mismodelings in Monte Carlo simulations. The data-efficiencies for all combinations of 

passed/not-passed offline and online are measured. The calibration results are provided as scale factors which are parameterized as function of jet transverse momentum and 

pseudorapidity. The calibration plots shown below don’t contain the trigger, but the b-jet triggers are calibrated using identical techniques.  

b-tagging efficiency: efficiency with which a jet originating 

from a b-quark is tagged by a b-tagging algorithm  → 𝐩𝐓
𝐫𝐞𝐥 

method: Template fits which are performed on dijet  events, 

c-tagging efficiency: the equivalent quantity for 

• No functionality for selecting events based on topology at L1 trigger in Run I.  

• L1 Topological Trigger (L1Topo): 

    -- a new hardware component added to the system, 

    -- extends the functionality of the L1 trigger for Run II, 

    -- the topological processor performs real-time event selection based on the 

geometric and kinematic relationships between trigger objects. 

• Trigger decision can be based on different topologies, making use, among 

others, of angular separation (ΔR, Δϕ, Δη), invariant mass (M, MT, MCT), and 

hardness of interaction (HT, Meff). 

• Receives all data from the semi-conductor components of the Inner Detector tracker 

     at each L1 accept signal, with up to 100 kHz rate.  

• The hardware then finds and reconstructs charged track candidates using pattern 

matching on specially pre-processed data in an associative memory: 

       - tracking information for whole detector provided immediately after L1 without any          

HLT processing, 

       - track quality can be further improved at the HLT by just refitting pre-existing patterns. 

FTK tracks can be used to define track-jets, granting larger acceptance at low ET w.r.t. 

calorimetric jets.  
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The ATLAS Trigger System 

of muon 𝑝𝑇  with respect to the jet 

axis, 𝑝𝑇
𝑟𝑒𝑙  to obtain the flavor 

composition before and after b-

tagging [1]. More precise ttbar based 

methods will be used to calibrate the 

triggers in Run II [2]. 

jets originating from           

c-quark → 𝐃∗ method: This 

method uses a specific 

final state inside jets: 

 D∗+ → π+D0 → π+π+K− 

to provide a jet sample 

largely enriched in charm 

content [3]. 

ATLAS online b-tagging algorithms @ 7 TeV - 2011 ATLAS online b-tagging algorithms @ 8 TeV - 2012 

ATLAS b-tagging algorithms @ 13 TeV - 2015 

b-jet identification 

• L1Topo allows geometrical 

matching between muon and jet 

already at L1, thanks to this 

matching muon-in-jet trigger can 

be used for physics analyses in 

Run II. 
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Part of FTK will be installed in late 2015, it will give full η coverage by the end of 2016. 


