
PERFORMANCE OF THE ATLAS TAU TRIGGER IN RUN 2
GEERT-JAN BESJES (NIELS BOHR INSTITUTE, UNIV. OF COPENHAGEN, DENMARK)  

ON BEHALF OF THE ATLAS COLLABORATION 

geert-jan.besjes@cern.ch
ATL-DAQ-PUB-2016-001 
http://cern.ch/go/Pt8B

TAU LEPTONS
Longest lived lepton: proper decay length of 
87 µm; generally decays in a few cm 
Identified by its decay particles: either 
leptons or hadrons (pions), and neutrinos 
Quark- and gluon-initiated jets form the 
major background: discriminate using 
variables based on displaced vertex, track 
multiplicity, collimated shower shape 
As heaviest lepton, taus are important in  
SM Higgs physics and BSM searches 
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THE ATLAS TRIGGER SYSTEM
Two-level system reduces rate from collision rate: 40 MHz to avg 1 kHz  
First level (L1) hardware-based: identifies regions of interest (RoIs) from 
the muon system and calorimeters; output rate max 100 kHz 
Software-based high-level trigger (HLT) refines L1 information 
HLT accesses data from all subsystems; includes tracking information 
Uses algorithms very similar to offline counterparts 
Substantial changes w.r.t. Run 1 to deal with increased LHC collision 
energy and luminosity: bandwidth increases; hardware improvements; 
merged two stages into one HLT; optimised algorithms 
Further rate reductions will require changes in triggering strategy
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Figure 6: (a) The pT spectrum of leptons and hadrons from the decay H ! tt for mH = 125 GeV
Higgs produced in the VBF process. (b) The distribution of Dh for tau candidates with a leading
tau exceeding an online threshold of 20 GeV and the sub-leading tau exceeding an online threshold of
12 GeV.

signal acceptance. Both combinations of Emiss
T and jet requirements as well as topological se-

lections have been studied using Run 2 Monte Carlo samples. When combining Emiss
T above

50 GeV with an inclusive jet trigger with pT > 40 GeV (i.e. XE50_J40), the Level-1 rate is ex-
pected to decrease to approximately 10 kHz, which is still too large to include in the trigger
menu. Offline selections to reduce multi-jet background include the requirement of exactly
two or three central jets, (pT > 20 GeV and |h| < 2.5) and a minimum value of |Df(Emiss

T , jets)|
(the azimuthal angular distance between Level-1 Emiss

T and central jets) as well as a maximum
value of DR(jets) (minimum radial distance between the jets). These quantities are shown in
Figure 7. A loose requirement of the minimum |Df(Emiss

T , jets)| > 1 in addition to XE50_J40
provides very good signal acceptance for an expected Level-1 rate of ⇠5 kHz. The unique rate
is expected to be a factor of three smaller and can be accommodated in the Run 2 and Run 3
trigger menus.

For Run 3, after all of the of the Phase-I upgrade is in place, it should be possible to
reduce the Level-1 Emiss

T threshold to approximately 70 GeV as described in LAr Calorimeter
TDR [2.4] and a trigger strategy more similar to the Run 1 one could be employed. Ultimately
both approaches, standalone Emiss

T triggers and combined topological triggers, as described
above, are likely to be used.

tt H The newly discovered Higgs boson with mass of 125 GeV is too light to decay into pairs
of top quarks, but the process ttH can be used to probe its coupling to top quarks. Initially,
the decays of the Higgs to WW, bb, tt and gg [2.8, 9, 10, 11, 12] will be exploited.

In Run 1, analyses of most final states including tt have used triggers based on the leptons
from top decay, with pT thresholds of 25 GeV. For muons, this threshold can be maintained
before and after the Phase-I upgrade. For electrons, the Run 2 trigger with an offline threshold
of pT > 38 GeV will have a significant inefficiency. This can be addressed by using a trigger
that adds an additional jet. For example, EM18VH_3J20 will have an additional inefficiency
for tt bb signal of about 2.5% when compared to the Run 1 trigger and a unique rate of about
2 kHz. In the WW and tt final states the situation is even better.

22 2 Physics Motivation

Figure 40: E�ciency of L2 w.r.t. o✏ine ⌧ pT for 1-prong (left) and 3-prong case (right) for the 46 pile-
up sample. The upper plots are for the barrel region (⌘ < 1.1) and the lower ones are for the end-cap
(⌘ > 1.1). Three working point are shown, black is the e�ciency for the standard L2 algorithm, the red
shows the e�ciency for the L2 style algorithm using FTK tracks and the blue shows the e�ciency for
the FTK track-based algorithm. The o✏ine taus are required to have exactly three tracks in the 3-prong
case.
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PROSPECTS

ATLAS-TDR-023

ATLAS-TDR-021The ATLAS Fast Tracker (FTK) will 
provide full-scan tracks after L1 
selection with trained pattern banks 
Allows for redesign of HLT tau 
algorithm: tracking can be used 
before calorimeter information 
HLT energy resolution impact on 
efficiency can be reduced 
Very useful for e.g. SM H→ττ 
First triggers operational in 2017

Topological triggers at L1 allow  
for selection by angular criteria 
Crucial at higher instantaneous 
luminosity and pile-up 
Exploit kinematic differences 
between multi-jet and Higgs 
signal events

ATLAS tau trigger aims to identify hadronic decays 
L1: narrow cascade in both calorimeters 
Energy-dependent isolation cuts to control rate 
Topological L1 triggers may be used in future 

HLT combines energy clusters with tracking 
Topological clustering of cells in RoIs 
Fast-tracking algorithm optimised to perform se-  
lections based on no. of core and isolation tracks 
Improvement w.r.t. Run 1: full HLT tracking and 
13-variable BDT harmonised with offline selection used in final selection

ATLAS Technical Design Report
Level-1 Trigger   24 June 1998

4   Calorimeter trigger algorithms and performance 31

algorithm which can be executed in as small a window as possible without compromising
performance.

The requirements for a trigger object to be found within the window are:

• the RoI cluster must be a local ET maximum (see below);

• the most energetic of the four trigger clusters must pass the electromagnetic cluster
threshold;

• the total ET in the electromagnetic isolation region must be less than the e.m. isolation
threshold;

• the total ET in the hadronic isolation region must be less than the hadronic isolation
threshold.

If all of these conditions are met, then the window is considered to contain an electron/photon
candidate (no distinction can be made here between electrons and photons). Eight sets of trigger
ET thresholds (combinations of cluster, e.m. isolation and hadronic isolation) are foreseen, and
the candidate is classified according to which sets it passes.

For each of the eight sets of thresholds, the multiplicity of candidates passing that selection is
counted and passed to the CTP, as an input to its decision. Three bits are used to indicate the
multiplicity for any selection, and so for each set of thresholds the multiplicity can range
between 0 and 7 (multiplicities higher than 7 must be counted as 7). This restriction on the
multiplicity passed to the CTP does not affect the number of RoIs which may be indicated to the
level-2 trigger.

This algorithm was arrived at after studies of its performance and that of alternatives, which
will now be described. In all of these studies, the full GEANT-based simulation of the ATLAS
detector was used. For high-luminosity studies, the effects of pile-up were simulated for a

Figure 4-2 Electron/photon algorithm.
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TAU TRIGGER STRATEGY
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PERFORMANCE IN RUN 2
L1 trigger rate measured as 
function of instantaneous 
luminosity (6–12 July 2015) 
‘TAU’, ‘EM’, ‘J’ and ‘XE’ refer to 
taus, electrons, jets and missing 
energy; ‘IM’ and ‘HI’ indicate 
isolation and hadronic veto req. 

Efficiencies measured using tag-and-probe method 
on Z→ττ→µ+τhad events: tagged muon passed 
muon trigger; efficiency measured on probe tau

Z
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τ

Offline Z→ττ  events (medium BDT) 
show trigger observables well-modelled 
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Linearity means  
pileup robustness


