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…ONE PIECE IN THE PUZZLE 
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THE LARGE HADRON COLLIDER 
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THE ATLAS DETECTOR 

✓  Fast 
✓ Granular 
✓  Resistant to radiation 
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RUN1, RUN2 AND BEYOND 
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Figure 12. (top) XY view showing the new (smaller) beam pipe, the IBL with modules, staves and support
tube and the Pixel B-layer all implemented in the ATLAS geometry model; (bottom) 3D view of the IBL
inside the Pixel detector illustrating the geometrical arrangement.

additional track measurements from the IBL. The default ATLAS reconstruction is used for ver-
texing, b tagging and to reconstruct objects like jets and leptons. The analysis then proceeds using
ATLAS analysis data formats and as much as possible standard performance analysis software to
derive the results presented hereafter.

2.3.1 IBL geometry and material budget

The IBL geometry description required the insertion of another layer envelope into the current Pixel
detector description. In parallel, the beam pipe radius was decreased to the proposed design values.
The IBL modules are described in full detail, but support and cooling structures are smeared out
over the full module surface, as can be seen in Fig. 12. The services outside the tracking volume
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Detector extensions 
 

Trigger upgrade 
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object reconstruction 
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LHC OPERATIONS 
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¥  Why “trigger”? 

¥  The trigger system in ATLAS run2. 

¥  including trigger performance and 
new ideas for 2017 (and beyond). 

¥  Trigger menus. 

¥   and what to expect for the future. 

¥  Beyond run2…  
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THE STANDARD MODEL 
Event Rate  
Linst = 1034/cm2s 

1 Hz 

1 kHz 

1 GHz 

10-2 Hz 

Viable SUSY  
& other exotics 
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L1 
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Data storage 
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Data request 

HLT decision 
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THE RUN1 DATA  
ACQUISITION 
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Triggering Challenge 
 
Maintain a rich acceptance in physics (including unknown new 
phenomena!) while respecting the limitations of 
 
•  Detector readout 

•  DAQ system & HLT 

•  Computing system  

 

and knowing that the event rate is dominated by “fakes” and is 
significantly affected by pile-up.  
è   Find ways to reduce fakes and improve robustness to pile-up, 

respecting the limitations imposed by various systems.  
è   Various upgrades and new features introduced in DAQ, L1 and HLT. 
è   Key feature: robustness; events that are not triggered are lost forever. 



THE ATLAS TRIGGER SYSTEM 
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New Run2 components in pink boxes 
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THE ATLAS TRIGGER SYSTEM 

21 
  

Level-1

L
e
v
e
l-

1
 A

c
c
e
p
t

Level-1 Muon

Endcap
sector logic

Barrel
sector logic

Level-1 Calo

CP (e,γ,τ)

CMX

JEP (jet, E)

CMX

Central Trigger

MUCTPI

L1Topo

CTP

CTPCORE

CTPOUT

Preprocessor

nMCM

Detector
Read-Out

ROD

FE

ROD

FE

ROD

FE...

DataFlow

Read-Out System (ROS)

Data Collection Network

Data Storage

Muon detectors

Calorimeter detectors

High Level Trigger
(HLT)

Processors O(28k)

RoI

Event
Data

Fast TracKer
(FTK)

TileCal

Accept

P
ix

e
l/
S

C
T

Tier-0

Level-1 
L1Calo 
L1Muon 
L1Topo 
CTP 

Level-1 



L1CALO 
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NEW FOR RUN2 

UPGRADED FOR RUN2 

UPGRADED FOR RUN2 

Reconstructs energy depositions in the calorimeters: 
electrons & photons, taus, jets and MET. 

-  Preprocessor 

-  Data Digitization and Timing definition 
-  Bunch-crossing ID 
-  Noise suppression and Pedestal correction 
-  Calibration  

-  Processors 

-  Cluster algorithms 
-  Isolation 
-  Identification of “TOBs” (trigger objects) 

-  Common Merger Modules 

-  Eta-dependent thresholds 
-  TOBs to L1Topo 
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NEW FOR RUN2 

UPGRADED FOR RUN2 

Reconstructs energy depositions in the calorimeters: 
electrons & photons, taus, jets and MET. 

-  Preprocessor 

-  Data Digitization and Timing definition 
-  Bunch-crossing ID 
-  Noise suppression and Pedestal correction 
-  Calibration  

-  Processors 

-  Cluster algorithms 
-  Isolation 
-  Identification of “TOBs” (trigger objects) 

-  Common Merger Modules 

-  Eta-dependent thresholds 
-  TOBs to L1Topo 



K. Whalen - Trigger for Physics Workshop

L1MUON

L1 MUON TRIGGER OVERVIEW
▸ Barrel (|η| ≤1.05): resistive plate 

chambers  

▸ Endcap (1.05 ≤ |η| ≤ 2.4): thin gap 
chambers 

▸ Coincidence patterns within 
“trigger roads” determine whether 
a muon passes a given pT threshold 

▸ Narrower roads → higher pT 

▸ 3 x low-pT: MU4, MU6, MU10 

▸ 3 x high-pT: MU11, MU15, MU20 

▸ Multiplicity sums determined by 
MUCTPi

7

•  Two- (low-pT) and three-station 
coincidence. 

•  Extra coincidence between specific 
chambers reduces fakes (up to 60%). 

•  Moving for MU4 the two-station 
coincidence to three-station in the phi-
direction reduces fakes significantly.  

•  No pT measurement. Only threshold 
passed (and multiplicities).   24 24 
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Reconstructs muons.  

•  Barrel (RPC, |η|<1.05) 
•  Extra coverage increases acceptance (few %). 

•  Endcap (TGC, 1.05<|η|<2.4) 

L1MUON NEW IN 
2016 

NEW FOR 
RUN2 

NEW IN 
2016 
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L1TOPO 
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NEW IN 2016 – A MAJOR MILESTONE 

28 28 
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Combines information from L1Calo and/or L1Muon into variables that are used 
for additional L1 selections. 
•  Topological/angular selections, kinematic selections, sums.  

•  Significant rate reduction, increased signal purity, no impact in physics acceptance. 

•  A key feature for high-luminosity running! 

•  Main use cases in 2016: Hàττ and B-physics.  

•  New crucial feature introduced in 2015, in commissioning till mid-2016. In 
“active” mode since September 2016. 
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CENTRAL TRIGGER PROCESSOR 

•  Bunchgroup defines which bunch of the 
3564 possible LHC bunches the trigger is 
active on.  

•  Prescale factor N means that 1/N events is 
accepted. 

•  Trigger deadtime: 
•  Simple; number of bunches the trigger 

waits before a new L1 accept. 
•  Complex; restricts the number of L1 

accepts in a given period. 29 
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Time-aligns the trigger signals, provides the final trigger decision (L1A). 

UPGRADED FOR 
RUN2 



REGIONS OF INTEREST (ROI) 
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Level-1 feeds the HLT with regional 
information (η×φ), the RoI.  
-  Per type of object (e.g. EM, TAU) 

-  Per threshold passed (e.g. EM7) 
Made available to the HLT by the 
“RoI-builder” (RoIB). 



REGIONS OF INTEREST (ROI) 
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Level-1 feeds the HLT with regional 
information (η×φ), the RoI.  
-  Per type of object (e.g. EM, TAU) 

-  Per threshold passed (e.g. EM7) 
Made available to the HLT by the 
“RoI-builder” (RoIB). 



HLT INFRASTRUCTURE 

Large commercial PC farm installed in the surface building above ATLAS. 

•  Typical HLT node: 2x12-core Intel Xeon Haswell, 96 cores / box. 48 GB RAM, 
10Gb Ethernet, 4 motherboards in 2U box. 
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Required number of cores:  

input rate × <processing time>  
•  E.g: 100kHz x 300ms = 30K 

cores. Outliers in 
processing time absorbed 
by buffers.   

•  Events are processed 
independently in these 
cores.  
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HLT “CHAINS” 
HLT software very similar to the offline 
reconstruction software; ideally, “identical”.  
•  Except… offline reconstruction takes > 10s / 

events. The HLT only has << 1s! 
Trigger reconstruction works in steps. 
à  Fast (often trigger specific) reconstruction, 

mostly at RoIs. 
à  Precision reconstruction, with full detector 

available.  
à  Stop chain processing as soon as a step fails; 

stop event processing as early as possible.  
Two types of algorithms:  
•  “Feature Extraction” (FEX) algorithms that 

build objects (e.g. tracks and clusters). Are 
(should be) the slowest; we make sure they 
run once per event. 

•  “Hypothesis” (HYPO) algorithms that apply 
selection cuts (e.g. track pT, invariant mass).  
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L1A 

Fast FEX1 

HYPO1 

Precision FEX1 

Fast FEX2 

Precision FEX2 

HYPO2 

HLT 
Decision 

Prescale x 

x 

x 

HLT software very similar to the offline 
reconstruction software; ideally, “identical”.  
•  Except… offline reconstruction takes > 10s / 

events. The HLT only has << 1s! 
Trigger reconstruction works in steps. 
à  Fast (often trigger specific) reconstruction, 

mostly at RoIs. 
à  Precision reconstruction, with full detector 

available.  
à  Stop chain processing as soon as a step fails; 

stop event processing as early as possible.  
Two types of algorithms:  
•  “Feature Extraction” (FEX) algorithms that 

build objects (e.g. tracks and clusters). Are 
(should be) the slowest; we make sure they 
run once per event. 

•  “Hypothesis” (HYPO) algorithms that apply 
selection cuts (e.g. track pT, invariant mass).  



Debug	  Streams	  
events	  for	  which	  a	  
trigger	  decision	  has	  
not	  been	  made,	  

because	  of	  failures	  in	  
parts	  of	  the	  online	  

system	  

Physics	  Streams	  
data	  for	  physics	  analyses	  

Express	  Stream	  
full	  events	  for	  fast	  reconstruc8on	  

Calibra7on	  Streams	  
events	  delivering	  the	  
minimum	  amount	  of	  

informa8on	  for	  detector	  
calibra8ons	  at	  high	  rate	  

¥  Event	  gets	  accepted	  if	  any	  trigger	  passes	  (HLT	  decision	  posi8ve).	  	  
¥  Streaming	  is	  based	  on	  trigger	  decisions.	  
¥  	  The	  Raw	  Data	  physics	  streams	  are	  generated	  at	  the	  HLT	  output	  level.	  

STREAMING 
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Data	  scou7ng	  
Contains	  HLT	  

objects;	  used	  for	  
trigger-‐level	  
analysis	  

Mostly recovered  

and fed back to analysis. 



L1 
(hardware trigger) 

Detector 
readout 

Data-flow 
system HLT farm 

Data storage 

L1 accept 

Data request 

HLT decision 

Simplified 
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Triggering Challenge 
 
Maintain a rich acceptance in physics (including unknown new 
phenomena!) while respecting the limitations of 
 
•  Detector readout 

•  DAQ system & HLT 

•  Computing system  

 

and knowing that the event rate is dominated by “fakes” and is 
significantly affected by pile-up.  
è   Find ways to reduce fakes and improve robustness to pile-up, 

respecting the limitations imposed by various systems.  
è   Various upgrades and new features introduced in DAQ, L1 and HLT. 
è   Key feature: robustness; events that are not triggered are lost forever. 
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1 kHz 

Triggering Challenge 
 
Maintain a rich acceptance in physics (including unknown new 
phenomena!) while respecting the limitations of 
 
•  Detector readout 

 max ~ 90 kHz 
•  DAQ system & HLT 

 CPU: average ~ 300ms, Data bandwidth: average ~ 3GB/s 
•  Computing system  

 average ~ 1 kHz  

and knowing that the event rate is dominated by “fakes” and is 
significantly affected by pile-up.  
è   Find ways to reduce fakes and improve robustness to pile-up, 

respecting the limitations imposed by various systems.  
è   Various upgrades and new features introduced in DAQ, L1 and HLT. 
è   Key feature: robustness; events that are not triggered are lost forever. 

•  2016 limitations.  
•  2017 will see improvements in detector 

readout and data bandwidth at least. 



OPERATING THE TRIGGER 
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OPERATING THE TRIGGER 

40 

IBL wire-bond protection 
against Fixed Frequency 
Trigger required careful 
trigger rate optimization 

Low lumi doesn’t mean smooth sailing… 
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NEW FOR RUN2: Software had to be adjusted (pretty much everywhere) in view of the merged HLT! 



COMMON: INNER DETECTOR TRACKING 
Tracking is used in pretty much all objects 
reconstructed at the trigger (as is the case 
for offline).  

•  Muons, electrons, taus, b-jets and jets, MET, 
b-physics, minbias. And also, in beamspot 
and cosmic triggers. 

The offline tracking runs in the complete 
detector, once per event. In the HLT this is 
not possible (CPU / DAQ). 

•  To reduce network traffic and the time 
available to read out the detector, data are 
read out only from the RoIs. 

•  The ID Trigger then takes this local data and 
reconstructs tracks within the RoI only.  

•  Each RoI in an event is (usually) processed 
independently.  
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COMMON: HLT CALO CLUSTERING 
Reconstructs calorimeter data at the HLT.  

•  For electrons, taus, jets, MET. 

•  Exists in RoI-based version (used in electrons and taus) and Full-scan version 
(used in jets and MET). 

Data is unpacked to calorimeter cells from where clusters are built.  
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Figure 3: The ET resolution for online (HLT) topo-clusters with respect to offline topo-clusters with ET > 3 GeV. The online and offline clusters are 
both hadronically calibrated. Both the 2015 data and 2016 data are comprised of bunch trains containing 72 filled bunches. The solid lines show the 
ET resolution for all events, whereas the dotted lines show the ET resolution for the sub-set of events that correspond to the first 12 bunch 
crossings in each bunch train. The improvement in the ET resolution for online topo-clusters with respect to offline topo-clusters in 2016 is due to 

the introduction cell-level, BCID/<µ> based energy corrections. These corrections account for pedestal changes that arise due to out-of-time pile-up 

and particularly affect the first bunch crossings in each bunch train. Similar corrections were already being applied offline. 

Pile-up corrections: train 
structure and bunch to 
bunch luminosity variations 
can create significant 
energy shifts which are 
mitigated by BCID 
dependent average pileup 
correction. Offline since a 
while, online since 2016. 
 



ELECTRON / PHOTON 
At L1:  

•  Analyse regions of 4x4 trigger tower.  

•  Cut on transverse energy threshold; eta-dependent; 
apply hadronic core isolation; and electromagnetic 
isolation. 

At HLT: 

•  Photon is an energy cluster (no requirement on track). 

•  Electron is an energy cluster matched to a pT > 1GeV 
track.  

•  Reconstruction is fully RoI-based. 

•  Energy calibration based on a multivariate analysis 
technique.  

•  Electron identification relies on a likelihood technique.  
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ELECTRON / PHOTON 
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Difference: scale factors  !! 



ELECTRON / PHOTON 
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Difference: scale factors  !! 
NEW IN 2017:  

•  Render electron identification more robust to pileup; 
•  Bring electron online ID closer to offline (tracking);   

•  Add photon isolation. 



TAU 

48 arXiv:1412.7086 

A tau jet 
(signal)  

…vs a QCD jet  
(background) 

Tau Decay Mode B.R. 

Leptonic τ± à e± + ν + ν 17.8% 

τ± à µ± + ν + ν 17.4% 

Hadronic 1-prong τ± à π± + ν  11% 

τ± à π± + ν + nπ0  35% 

3-prong τ± à 3π± + ν  9% 

τ± à 3π± + ν + nπ0  5% 

Other ~5% 



TAU 
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TAU 
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TAU 
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NEW IN 2017: Improved BDT is expected 
to ameliorate performance at high pT. 



TAU – L1TOPO! 
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JETS 

•  Built from 4×4 jet elements  

•  using a sliding window algorithm 
•  Pile-up suppression had a huge impact in low-pT 

•  Very good performance; inefficiencies in close-by mutlijets / fat jets 
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Vertical sums!

! Horizontal sums

! !

!

!

Electromagnetic
isolation ring

Hadronic inner core
and isolation ring

Electromagnetic
calorimeter

Hadronic
calorimeter

Trigger towers ("# × "$ = 0.1 × 0.1)

Local maximum/
Region-of-interest

Jet element: 
0.2×0.2 in η×φ 

Energy calculation: 
0.4×0.4 in η×φ 

L1 



JETS 
•  Very similar to offline jets, since full-scan 

topoclustering is used at the HLT. 
•  Exception: tracking. Too expensive (CPU). 

•  Several types of jets exist to cover different 
uses.  

•  Single jets, multijets, reclustered large-R 
jets, large-R topocluster jets, HT, central & 
forward jets … 

•  Corrected using “Jet Areas”; MC-based 
calibration. 

HLT 



FAT JETS & L1TOPO 
 
•  Currently fat jet triggers use single narrow jet seed at L1.  
•  Prospects for reseeding fat jet triggers in 2017. 

•  Other envisaged improvements include substructure and top / boson tagging.  
NEW IN 2017  
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Gain in rate: ~20% 

JETS: FURTHER IMPROVEMENTS 

Utilize more appropriate noise cuts in topo-clustering algorithm. 

Jet Calibration: bringing online jets closer to offline. 

•  In 2016 we had MC-based calibrations on top of jet areas corrections. 

•  In 2017 we envisage: 
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•  Updated MC-based calibrations. 
•  Calo term of “Global sequential 

calibration” (GSC) – default offline. 
•  Track term of GSC – for triggers where 

tracking run in RoIs. 
•  Tracking is expensive;  consider 

it when already done for b-jets. 
•  (Then, add GCS to b-jets.) 

•  In situ eta inter-calibration. 
 
 

NEW IN 2017  



MISSING ET 
At L1: 

•  Sum all jet elements to obtain ETx and ETy components, from where ET is 
calculated. 

•  Pile-up suppression has been essential.  

•  Needs adjustment for large steps in pile-up.  
At HLT: 

•  One of the few areas where offline MET doesn’t quite work at the trigger.  
•  Requires proper reconstruction 

and calibration of all objects in 
the event. 

•  Various trigger alternatives: 

•  Cell MET (2015 default) 

•  Missing HT (2016 default) 
•  Cell MET + Missing HT 
•  Topocluster based MET, including 

with pile-up suppression 
 



IMPACT OF PILEUP – MET   
•  MET triggers significantly hit by pileup in 2016;  

•  threshold increase was unavoidable; didn’t yet compromise physics. 
•  Workaround for higher luminosities in place: 

•  Cell MET + Missing HT 
•  Pile-up suppression algorithm (“PU Fit”). 

•  Further RnD in progress: 
•  Use tracking to reduce pileup effect. NEW IN 2017  



B-JETS 
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Use dedicated Primary Vertex (PV) finding 
and a BDT (similar to offline) to select b-jets 
against c- and light-jets. 

1.  Run tracking within jet RoIs for PV reco. 

2.  Run tracking within wider cone for 
secondary vertex finding.  

L1_J 

Standard jet finding 

Jet pT / Njet cut 

Fast Track Reco 

Jet pT > 30 GeV 

Primary vertexing 

HLT 
Decision 

Precision Track Reco 

b-tagging cut 

Compute MV2 (BDT) 

Secondary vertexing 

1. 

2. 

1. 

2. 



B-JETS 
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Use dedicated Primary Vertex (PV) finding 
and a BDT (similar to offline) to select b-jets 
against c- and light-jets. 

1.  Run tracking within jet RoIs for PV reco. 

2.  Run tracking within wider cone for 
secondary vertex finding.  

L1_J 

Standard jet finding 

Jet pT / Njet cut 

Fast Track Reco 

Jet pT > 30 GeV 

Primary vertexing 

HLT 
Decision 

Precision Track Reco 

b-tagging cut 

Compute MV2 (BDT) 

Secondary vertexing 

1. 

2. 

1. 

2. 

NEW IN 2017:  
add GSC calibration 



MUON 

•  Single or multi-muon selections (see earlier) 
•  Single muon triggers are RoI-based.  
•  Full-scan muon (no RoI-based) option exists; high efficiency & low pT.  
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At HLT : 



MUON 

•  Single or multi-muon selections (see earlier) 
•  Single muon triggers are RoI-based.  
•  Full-scan muon (no RoI-based) option exists; high efficiency & low pT.  
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Precision Track Reco 

Muon Selection 

Precision Muon Reco 

Additional reco (e.g. 
isolation, mass) 

HLT 
Decision 

At L1 : 
 

At HLT : NEW IN 2017: 
•  Add calorimeter isolation (as offline). 
•  Introduce late muon selection! 



B-PHYSICS  
Triggers based in very low-pT muons.  

Challenges: 

•  L1 rates push thresholds high. 

•  Increased CPU needs due to low-pT 
muon combinatorics.. 

Key users of L1Topo! 
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THE NEW 
FAST TRACK 

TRIGGER 
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1/9/2016 XIIth Quark Confinement 
and the Hadron Spectrum 

FTK key feature: Pattern Matching 
Find low resolution track called “pattern”. 
1. Generate all possible patterns using MC simulation using 8 out of 12 layers mentioned earlier. 

More than 50 billion tracks are used for pattern generation. 

13 

FAST TRACKER – FTK 
A hardware system that provides (at L1 rate) “full-scan” tracks and 
associated hits to the HLT (which cannot afford running full-scan track 
reconstruction high rate).  
•  Based on pattern matching. Pattern banks generated using MC 

simulation. More than 50 billion tracks used for ~ 1 billion patterns. 

66 ATL-DAQ-SLIDE-2016-582 



FAST TRACKER – FTK 
A hardware system that provides (at L1 rate) “full-scan” tracks and 
associated hits to the HLT (which cannot afford running full-scan track 
reconstruction high rate).  
•  Based on pattern matching. Pattern banks generated using MC 

simulation. More than 50 billion tracks used for ~ 1 billion patterns. 

67 1/9/2016 XIIth Quark Confinement 
and the Hadron Spectrum 

FTK key feature: Pattern Matching 
Find low resolution track called as “pattern”. 
2. Match the pattern in real data using pattern recognition 

For real data, detector hits sent to pattern bank sequentially, and patterns are recognized 
like a bingo game. All patterns are matched when all hits have arrived. 

14 ATL-DAQ-SLIDE-2016-582 



FAST TRACKER – FTK 
A hardware system that provides (at L1 rate) “full-scan” tracks and 
associated hits to the HLT (which cannot afford running full-scan track 
reconstruction high rate).  
•  Based on pattern matching. Pattern banks generated using MC 

simulation. More than 50 billion tracks used for ~ 1 billion patterns. 
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Data are geometrically distributed to 
the processing units and compared 
to existing track patterns. 

The ATLAS Fast Tracker Volpi G.

1. Introduction

The Large Hadron Collider (LHC) Run-I, using only a fraction of the full LHC potential,
has achieved fundamental successes: the Higgs boson’s discovery [1, 2] and strong limits on new
physics phenomena [3, 4].

After a shutdown period of almost 2 years, the LHC will be able to provide 13 TeV col-
lisions, almost twice the energy of the previous run, with an expected integrated luminosity of
40� 60 fb�1 per year, therefore increasing the discovery potential of the experiment. The greater
instantaneous luminosity, particularly after 2018, will provide an average number of simultaneous
collisions (pileup) up to 80. In order to achieve the required on-line data reduction in the trigger
and data acquisition system (TDAQ), the LHC experiments are expected to increase the use of sili-
con detector information, reconstructing the track trajectories close to the interaction points, which
allows the contribution of each pileup collision to be distinguished.

The ATLAS experiment [5] is placed around one of the LHC interaction points. Several parti-
cle detection technologies are used to collect a large and high quality data sample. The innermost
region is occupied by a set of silicon and gaseous detectors that compose the inner detector (ID)
tracker. The ID provides the most precise determination of charged tracks produced during the
collisions; however performing full tracking within the existing multilevel trigger architecture is
a nearly impossible task. For this reason ATLAS has decided to include an electronic system
designed to perform real-time full track reconstruction of ID data. The Fast TracKer (FTK) [6]
processor will receive the ID data for each event accepted by Level-1 trigger, up to a 100 KHz rate,
and it will produce the list of charged tracks with pT > 1 GeV within the full tracker acceptance.
This is expected to provide a new tool for the high level trigger (HLT) computing farm, which
will free resources and be more efficient for event topologies that are difficult to identify, while
maintaining a large rejection of the backgrounds.

2. The ATLAS Fast TracKer algorithms

Figure 1: The diagram shows the main steps of the FTK tracking algorithm: clustering (1), data
formatting (2), pattern matching (3), first and second track fitting stages (4)(5).

The ATLAS FTK breaks the tracking problem into a set of sequential steps, as shown in
Fig. 1. There are 5 main parts to the algorithm: (1) the raw ID data are received and clusters are

2

FTK has a custom clustering 
algorithm running on FPGAs. 

Pattern matching limited to 8 
layers: 3 pixels + 5 SCTs. Hits 
compared at reduced resolution. 

Full hits precision restored in good 
roads. Fits reduced to scalar products. 

Good 8-layer tracks are 
extrapolated to additional 
layers, improving the fit. 

HLT 

Inner 
Detector 

ATL-DAQ-PROC-2015-027 



FAST TRACKER – FTK 
A hardware system that provides (at L1 rate) “full-scan” tracks and 
associated hits to the HLT (which cannot afford running full-scan track 
reconstruction high rate).  
•  Based on pattern matching. Pattern banks generated using MC 

simulation. More than 50 billion tracks used for ~ 1 billion patterns.  

•  The HLT has now available tracks of pT > 1GeV. 

69 https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2013-007/index.html 



FTK IN THE TRIGGER 
Lots of potential for signatures that already use tracks (e.g. taus and bjets), 
and others that don’t yet (e.g. jets and MET).  
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FTK IN THE TRIGGER 
Lots of potential for signatures that already use tracks (e.g. taus and bjets), 
and others that don’t yet (e.g. jets and MET).  
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Fast tracking 

Conventional trigger 
FTK-based trigger 



FTK IN THE TRIGGER 
Lots of potential for signatures that already use tracks (e.g. taus and bjets), 
and others that don’t yet (e.g. jets and MET).  
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Allows for looser jet 
pT selections! 



TRIGGERING ON PHYSICS 
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✘ 

✔ 
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TRIGGER MENU 
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Year 2012 2015p
s 8TeV 13TeV

Peak luminosity 7.7⇥ 1033 cm�2 s�1 5.0⇥ 1033 cm�2 s�1

pT threshold [GeV], criteria
Category L1 HLT L1 HLT O✏ine
Single electron 18 24i 20 24 25
Single muon 15 24i 15 20i 21
Single photon 20 120 20 120 125
Single tau 40 115 60 80 90
Single jet 75 360 100 360 400
Single b-jet n/a n/a 100 225 235
Emiss

T 40 80 50 70 180
Dielectron 2⇥10 2⇥12,loose 2⇥10 2⇥12,loose 15
Dimuon 2⇥10 2⇥13 2⇥10 2⇥10 11
Electron, muon 10, 6 12, 8 15, 10 17, 14 19, 15
Diphoton 16, 12 35, 25 2⇥15 35, 25 40, 30
Ditau 15i, 11i 27, 18 20i, 12i 35, 25 40, 30
Tau, electron 11i, 14 28i, 18 12i(+jets), 15 25, 17i 30, 19
Tau, muon 8, 10 20, 15 12i(+jets), 10 25, 14 30, 15
Tau, Emiss

T 20, 35 38, 40 20, 45(+jets) 35, 70 40, 180
Four jets 4⇥15 4⇥80 3⇥40 4⇥85 95
Six jets 4⇥15 6⇥45 4⇥15 6⇥45 55
Two b-jets 75 35b,145b 100 50b,150b 60
Four(Two) (b-)jets 4⇥15 2⇥35b, 2⇥35 3⇥25 2⇥35b, 2⇥35 45
B-physics (Dimuon) 6, 4 6, 4 6, 4 6, 4 6, 4

About 1.5k HLT selections seeded by about 400 different Level-1 items. 
•  Primary triggers, usually unprescaled; 
•  Support and background triggers, usually prescaled; 
•  Alternative triggers, using different algorithms; 
•  Backup triggers, using tighter selections; 
•  Calibration triggers, usually providing partially built events. 
 
Maintained menu items and prescale strategy pretty stable through out 
2015 data taking and 2016 data taking, to ensure continuity of trigger 
selections for physics analyses. 



TRIGGER MENU 
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Year 2012 2015p
s 8TeV 13TeV

Peak luminosity 7.7⇥ 1033 cm�2 s�1 5.0⇥ 1033 cm�2 s�1

pT threshold [GeV], criteria
Category L1 HLT L1 HLT O✏ine
Single electron 18 24i 20 24 25
Single muon 15 24i 15 20i 21
Single photon 20 120 20 120 125
Single tau 40 115 60 80 90
Single jet 75 360 100 360 400
Single b-jet n/a n/a 100 225 235
Emiss

T 40 80 50 70 180
Dielectron 2⇥10 2⇥12,loose 2⇥10 2⇥12,loose 15
Dimuon 2⇥10 2⇥13 2⇥10 2⇥10 11
Electron, muon 10, 6 12, 8 15, 10 17, 14 19, 15
Diphoton 16, 12 35, 25 2⇥15 35, 25 40, 30
Ditau 15i, 11i 27, 18 20i, 12i 35, 25 40, 30
Tau, electron 11i, 14 28i, 18 12i(+jets), 15 25, 17i 30, 19
Tau, muon 8, 10 20, 15 12i(+jets), 10 25, 14 30, 15
Tau, Emiss

T 20, 35 38, 40 20, 45(+jets) 35, 70 40, 180
Four jets 4⇥15 4⇥80 3⇥40 4⇥85 95
Six jets 4⇥15 6⇥45 4⇥15 6⇥45 55
Two b-jets 75 35b,145b 100 50b,150b 60
Four(Two) (b-)jets 4⇥15 2⇥35b, 2⇥35 3⇥25 2⇥35b, 2⇥35 45
B-physics (Dimuon) 6, 4 6, 4 6, 4 6, 4 6, 4
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Year 2012 2015p
s 8TeV 13TeV

Peak luminosity 7.7⇥ 1033 cm�2 s�1 5.0⇥ 1033 cm�2 s�1

pT threshold [GeV], criteria
Category L1 HLT L1 HLT O✏ine
Single electron 18 24i 20 24 25
Single muon 15 24i 15 20i 21
Single photon 20 120 20 120 125
Single tau 40 115 60 80 90
Single jet 75 360 100 360 400
Single b-jet n/a n/a 100 225 235
Emiss

T 40 80 50 70 180
Dielectron 2⇥10 2⇥12,loose 2⇥10 2⇥12,loose 15
Dimuon 2⇥10 2⇥13 2⇥10 2⇥10 11
Electron, muon 10, 6 12, 8 15, 10 17, 14 19, 15
Diphoton 16, 12 35, 25 2⇥15 35, 25 40, 30
Ditau 15i, 11i 27, 18 20i, 12i 35, 25 40, 30
Tau, electron 11i, 14 28i, 18 12i(+jets), 15 25, 17i 30, 19
Tau, muon 8, 10 20, 15 12i(+jets), 10 25, 14 30, 15
Tau, Emiss

T 20, 35 38, 40 20, 45(+jets) 35, 70 40, 180
Four jets 4⇥15 4⇥80 3⇥40 4⇥85 95
Six jets 4⇥15 6⇥45 4⇥15 6⇥45 55
Two b-jets 75 35b,145b 100 50b,150b 60
Four(Two) (b-)jets 4⇥15 2⇥35b, 2⇥35 3⇥25 2⇥35b, 2⇥35 45
B-physics (Dimuon) 6, 4 6, 4 6, 4 6, 4 6, 4

2016 

22i 
20 
22i 

26i 
26i 
140 
160 
380 
 
110 

27i 
27i 
145 
170 
420 
 
200 

17 
14 

18 
15 

15 

100 110 

1.2×1034 cm-2s-1 

w/ η cuts 

6, 6 
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Year 2012 2015p
s 8TeV 13TeV

Peak luminosity 7.7⇥ 1033 cm�2 s�1 5.0⇥ 1033 cm�2 s�1

pT threshold [GeV], criteria
Category L1 HLT L1 HLT O✏ine
Single electron 18 24i 20 24 25
Single muon 15 24i 15 20i 21
Single photon 20 120 20 120 125
Single tau 40 115 60 80 90
Single jet 75 360 100 360 400
Single b-jet n/a n/a 100 225 235
Emiss

T 40 80 50 70 180
Dielectron 2⇥10 2⇥12,loose 2⇥10 2⇥12,loose 15
Dimuon 2⇥10 2⇥13 2⇥10 2⇥10 11
Electron, muon 10, 6 12, 8 15, 10 17, 14 19, 15
Diphoton 16, 12 35, 25 2⇥15 35, 25 40, 30
Ditau 15i, 11i 27, 18 20i, 12i 35, 25 40, 30
Tau, electron 11i, 14 28i, 18 12i(+jets), 15 25, 17i 30, 19
Tau, muon 8, 10 20, 15 12i(+jets), 10 25, 14 30, 15
Tau, Emiss

T 20, 35 38, 40 20, 45(+jets) 35, 70 40, 180
Four jets 4⇥15 4⇥80 3⇥40 4⇥85 95
Six jets 4⇥15 6⇥45 4⇥15 6⇥45 55
Two b-jets 75 35b,145b 100 50b,150b 60
Four(Two) (b-)jets 4⇥15 2⇥35b, 2⇥35 3⇥25 2⇥35b, 2⇥35 45
B-physics (Dimuon) 6, 4 6, 4 6, 4 6, 4 6, 4

2016 

22i 
20 
22i 

26i 
26i 
140 
160 
380 
 
110 

27i 
27i 
145 
170 
420 
 
200 

17 
14 

18 
15 

15 

100 110 

1.2×1034 cm-2s-1 

(Examples) 
HLT Rate  

(Hz) 

….…..130 130 
…...…130 130 

 
 
 
 

..……. 55 230 
 
 
 
 
 
 
 
 
 

...................12 18 w/ η cuts 

6, 6 
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Year 2012 2015p
s 8TeV 13TeV

Peak luminosity 7.7⇥ 1033 cm�2 s�1 5.0⇥ 1033 cm�2 s�1

pT threshold [GeV], criteria
Category L1 HLT L1 HLT O✏ine
Single electron 18 24i 20 24 25
Single muon 15 24i 15 20i 21
Single photon 20 120 20 120 125
Single tau 40 115 60 80 90
Single jet 75 360 100 360 400
Single b-jet n/a n/a 100 225 235
Emiss

T 40 80 50 70 180
Dielectron 2⇥10 2⇥12,loose 2⇥10 2⇥12,loose 15
Dimuon 2⇥10 2⇥13 2⇥10 2⇥10 11
Electron, muon 10, 6 12, 8 15, 10 17, 14 19, 15
Diphoton 16, 12 35, 25 2⇥15 35, 25 40, 30
Ditau 15i, 11i 27, 18 20i, 12i 35, 25 40, 30
Tau, electron 11i, 14 28i, 18 12i(+jets), 15 25, 17i 30, 19
Tau, muon 8, 10 20, 15 12i(+jets), 10 25, 14 30, 15
Tau, Emiss

T 20, 35 38, 40 20, 45(+jets) 35, 70 40, 180
Four jets 4⇥15 4⇥80 3⇥40 4⇥85 95
Six jets 4⇥15 6⇥45 4⇥15 6⇥45 55
Two b-jets 75 35b,145b 100 50b,150b 60
Four(Two) (b-)jets 4⇥15 2⇥35b, 2⇥35 3⇥25 2⇥35b, 2⇥35 45
B-physics (Dimuon) 6, 4 6, 4 6, 4 6, 4 6, 4

2016 

22i 
20 
22i 

26i 
26i 
140 
160 
380 
 
110 

27i 
27i 
145 
170 
420 
 
200 

17 
14 

18 
15 

15 

100 110 

1.2×1034 cm-2s-1 

(Examples) 
HLT Rate  

(Hz) 

….…..130 130 
…...…130 130 

 
 
 
 

..……. 55 230 
 
 
 
 
 
 
 
 
 

...................12 18 w/ η cuts 

6, 6 
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Year 2012 2015p
s 8TeV 13TeV

Peak luminosity 7.7⇥ 1033 cm�2 s�1 5.0⇥ 1033 cm�2 s�1

pT threshold [GeV], criteria
Category L1 HLT L1 HLT O✏ine
Single electron 18 24i 20 24 25
Single muon 15 24i 15 20i 21
Single photon 20 120 20 120 125
Single tau 40 115 60 80 90
Single jet 75 360 100 360 400
Single b-jet n/a n/a 100 225 235
Emiss

T 40 80 50 70 180
Dielectron 2⇥10 2⇥12,loose 2⇥10 2⇥12,loose 15
Dimuon 2⇥10 2⇥13 2⇥10 2⇥10 11
Electron, muon 10, 6 12, 8 15, 10 17, 14 19, 15
Diphoton 16, 12 35, 25 2⇥15 35, 25 40, 30
Ditau 15i, 11i 27, 18 20i, 12i 35, 25 40, 30
Tau, electron 11i, 14 28i, 18 12i(+jets), 15 25, 17i 30, 19
Tau, muon 8, 10 20, 15 12i(+jets), 10 25, 14 30, 15
Tau, Emiss

T 20, 35 38, 40 20, 45(+jets) 35, 70 40, 180
Four jets 4⇥15 4⇥80 3⇥40 4⇥85 95
Six jets 4⇥15 6⇥45 4⇥15 6⇥45 55
Two b-jets 75 35b,145b 100 50b,150b 60
Four(Two) (b-)jets 4⇥15 2⇥35b, 2⇥35 3⇥25 2⇥35b, 2⇥35 45
B-physics (Dimuon) 6, 4 6, 4 6, 4 6, 4 6, 4

2016 

22i 
20 
22i 

26i 
26i 
140 
160 
380 
 
110 

27i 
27i 
145 
170 
420 
 
200 

17 
14 

18 
15 

15 

100 110 

1.2×1034 cm-2s-1 

(Examples) 
HLT Rate  

(Hz) 

….…..130 130 
…...…130 130 

 
 
 
 

..……. 55 230 
 
 
 
 
 
 
 
 
 

...................12 18 w/ η cuts 

6, 6 
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Year 2012 2015p
s 8TeV 13TeV

Peak luminosity 7.7⇥ 1033 cm�2 s�1 5.0⇥ 1033 cm�2 s�1

pT threshold [GeV], criteria
Category L1 HLT L1 HLT O✏ine
Single electron 18 24i 20 24 25
Single muon 15 24i 15 20i 21
Single photon 20 120 20 120 125
Single tau 40 115 60 80 90
Single jet 75 360 100 360 400
Single b-jet n/a n/a 100 225 235
Emiss

T 40 80 50 70 180
Dielectron 2⇥10 2⇥12,loose 2⇥10 2⇥12,loose 15
Dimuon 2⇥10 2⇥13 2⇥10 2⇥10 11
Electron, muon 10, 6 12, 8 15, 10 17, 14 19, 15
Diphoton 16, 12 35, 25 2⇥15 35, 25 40, 30
Ditau 15i, 11i 27, 18 20i, 12i 35, 25 40, 30
Tau, electron 11i, 14 28i, 18 12i(+jets), 15 25, 17i 30, 19
Tau, muon 8, 10 20, 15 12i(+jets), 10 25, 14 30, 15
Tau, Emiss

T 20, 35 38, 40 20, 45(+jets) 35, 70 40, 180
Four jets 4⇥15 4⇥80 3⇥40 4⇥85 95
Six jets 4⇥15 6⇥45 4⇥15 6⇥45 55
Two b-jets 75 35b,145b 100 50b,150b 60
Four(Two) (b-)jets 4⇥15 2⇥35b, 2⇥35 3⇥25 2⇥35b, 2⇥35 45
B-physics (Dimuon) 6, 4 6, 4 6, 4 6, 4 6, 4

2016 

22i 
20 
22i 

26i 
26i 
140 
160 
380 
 
110 

27i 
27i 
145 
170 
420 
 
200 

17 
14 

18 
15 

15 

100 110 

1.2×1034 cm-2s-1 

(Examples) 
HLT Rate  

(Hz) 

….…..130 130 
…...…130 130 

 
 
 
 

..……. 55 230 
 
 
 
 
 
 
 
 
 

...................12 18 w/ η cuts 

6, 6 

Trigger menu made generic enough to cover multiple analyses; 
dedicated triggers don’t necessarily save rate, they add many 
times unique rate.  
Still, there are many “dedicated” and highly selecting triggers 
•  E.g. soft lepton & jet & MET for highly compressed RPC SUSY. 

Common reminder:  
•  the trigger is the first step in an analysis selection and needs to 

be well thought of!  



A flash-back to 2012; the SUSY paradigm. 
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GETTING MORE PHYSICS OUT 



DEDICATED STREAMING IN 2016 

Message:  

        a lot of flexibility is available at the trigger if there is a good use case for it! 
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Data	  scou7ng	  
Contains	  par8al	  events	  	  

(HLT	  jets	  only)	  

Make available higher rate of jetty events 
by skipping the full detector information 

•  save HLT jets only. 

•  <5% of full event size. 1kHz of such partial 
events corresponds to < 50Hz of full events.  

83 

DATA “SCOUTING” aka “Trigger-Level Analysis” (TLA)  

L1_J100 

HLT 
Decision 

Physics	  Stream	  
Contains	  full	  events	  

Standard jet finding 

Jet pT > 30 GeV 



PREDICTING MENU 
RESOURCES 

84 ATL-DAQ-PUB-2016-002 

Weighted rates  

Enhanced Bias (EB) dataset 

EB 
data 

Trigger validation 

Rate predictions Prescale 
calculation 

(New) Menu online 



PRESCALING STRATEGY 
Prescale changes ensure no bandwidth goes wasted 
and special requirements for datasets get collected.  
Important difference between L1 and HLT: 
•  At L1 we need to watch out for peak rates.  
•  At the HLT we need to watch out for average         

rates (primarily).  
Usual strategy: single primaries through out a data  
period; end-of-fill primaries upon request only. 

85 
Time in run 



PRESCALING STRATEGY 
Prescale changes ensure no bandwidth goes wasted 
and special requirements for datasets get collected.  
Important difference between L1 and HLT: 
•  At L1 we need to watch out for peak rates.  
•  At the HLT we need to watch out for average         

rates (primarily).  
Usual strategy: single primaries through out a data  
period; end-of-fill primaries upon request only. 

86 
Time in run 

On top of standard operations: 
•  Special prescale sets for special runs. 
•  “Emergency” prescale sets addressing 

special running conditions.. 



WHAT TO EXPECT IN 2017 
Year Peak Lumi Peak µ L1 output  HLT output 
2016 1.4e34 ~40 90kHz peak 1.5kHz peak, 1kHz avg 
2017 2e34 ~60 100kHz peak 
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•  Generally, tighter selections at higher luminosity if rate reduction is 
necessary.  

•  Generic signatures are most favorable to keep unchanged. 
•  Dedicated low-rate and analysis-specific triggers to be added depending 

on impact. 
•  E.g. triggers for LLPs (is an HLT displaced vertex trigger possible?) 

•  Now that it is commissioned, make better use of L1Topo!  
•  E.g. late muons, fatter or narrower jets, Δφ(jet,MET) 

•  Commission FTK to use in physics asap! 
•  …and figure out how to best cover difficult or uncovered phase space.  

•  E.g. compressed SUSY phase-space, RPV SUSY. 



FURTHER IN THE FUTURE… 



RUN1, RUN2 AND BEYOND 
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Level-1 (< 2.5 µs)
Central trigger

Level-1 calorimeter Detector 
Read-Out

DataFlow

High Level Trigger

SubFarm Output

FE FE

Other Detectors

Le
ve

l-1
 A

cc
ep

t 

ROD

ReadOut System

ROD ROD

FE FE

Data Collection  
Network

Pre-processor
nMCM

Level-1 muon

MUCTPI

600 Hz

6.5 kHz

40 MHz

70 kHz
100 kHz

12 kHz

1 kHz

1.6 MB

10 GB/s

960 MB/s

100 GB/s

2.4 MB

240 GB/s

29 GB/s

2.4 GB/s

Event building

Level-2 requests
25 kHz
40 kHz

8 GB/s
60 GB/s

2012 Post LS1

20 MHz

e/j/g 
FEX

Jet/
Energy

Electron/
Tau

Muon detectors including NSW

Topology
CTP

Level-1 accept

CMX CMX

CTPOUT

CTPCORE

FELIX

Regions 
Of Interest         ROI 

Requests

Event 
data

HLT processing 

~550 ms
Fast TracKer 

(FTK)

Optical 
Plant Barrel 

sector logic
Endcap 

sector logic
...

...

Tile calorimeter

LAr calorimeter

•  Full-functional prototypes are being built and tested. First system tests started. 
•  Aim to complete pre-production by Q3-2017 & complete production by Q3-2018. 

•  Extremely important upgrade: software upgrade for the whole of ATLAS. The HLT is 
obviously following with major changes. More robust code, closer online to offline.  
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Figure 2: Signal acceptance as a function of four jet thresholds for non-resonant and resonant (m(hh) = 1 TeV)
di-Higgs production at 14 TeVwith both Higgs bosons decaying into two b-quarks. The current estimated Phase-II
threshold is 75 GeV. Generated with MadGraph+Pythia8.
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Figure 1: Signal acceptance as a function of generated muon pT for various signal samples at 14 TeVwith one lepton,
in this case a muon, in the final state. The current estimated Phase-II threshold is 20 GeV. Generated with Pythia8
(WH), Powheg+Pythia8 (H->⌧⌧), Powheg+Pythia6 (tt), MadGraph+Pythia8 (SUSY).
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Figure 3: Signal acceptance as a function of leading and sub-leading lepton pT for VBF-produced Higgs bosons at
14 TeVdecaying into two leptonically decaying taus. The current estimated Phase-II threshold is 15 GeVfor both the
leading and sub-leading lepton. Generated with Powheg+Pythia8.

3

•  Very active area with 
lots of new ideas and 
developments.  

•  Two architectures being 
discussed. 

•  Huge potential for 
improvements in 
otherwise compromised 
phase-space.  

In reality, much 
more complicated 
than that…  
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Figure 3: Signal acceptance as a function of leading and sub-leading lepton pT for VBF-produced Higgs bosons at
14 TeVdecaying into two leptonically decaying taus. The current estimated Phase-II threshold is 15 GeVfor both the
leading and sub-leading lepton. Generated with Powheg+Pythia8.
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•  Very active area with 
lots of new ideas and 
developments.  

•  Two architectures being 
discussed. 

•  Huge potential for 
improvements in 
otherwise compromised 
phase-space.  



OUTLOOK 
•  The ATLAS trigger system is an extremely 

complicated, yet very robust system. 

•  Events that are not triggered on are lost 
forever. 

•  Improving trigger selections directly     
improves physics potential. 

•  Huge potential for improvements in        
the rest of run2. 

•  Exciting prospects for the future,           
with room for new ideas and R&D. 

•  Thrilling times ahead in the trigger 
community! 



EXTRAS 
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Tag and Probe 

Using a single-object inclusive trigger, select one object triggered 
online and study the trigger response of the second object, not 
used in the online selection. 

•  e.g. Zàττ  events 
 
 

Bootstrap method 

•  The efficiency, εB, of a trigger chain B, with threshold higher than 
a chain A, can be determined in a sample triggered by A (provided 
that εA is measurable): εB = εA|B×εA. 

•  e.g. B: tau50_loose & A: tau16_loose 

EFFICIENCY MEASUREMENTS  



JETS – CALIBRATION  

96 (from Steven Schramm) 



MISSING ET – MORE PLOTS 
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TRIGGER MENU - COMPARISON 

98 

N
o

t
r
e
v

i
e
w

e
d

,
f
o

r
i
n

t
e
r
n

a
l

c
i
r
c
u

l
a
t
i
o

n
o

n
l
y

DRAFT

Table 1: The main ATLAS triggers used for runs with luminosities up to 1.4 ⇥ 1034 cm�2s�1. The rates per trigger
are reported at a luminosity of 1.2 ⇥ 1034 cm�2s�1 as raw rates including rate overlapping between triggers. The
uncertainty of the stated rates is typically of the order of a few percent. The total rate corresponds to the full menu
that includes many more triggers than what is listed in this table. Electron and ⌧ identification is assumed to be of
medium flavour, unless specified otherwise. For b-physics triggers, dedicated selections for J/ , ⌥, B-mesons are
applied. The typical o�ine cuts are only indicative. An online isolation requirement is indicated as (i).

Trigger Typical o�ine selection
Trigger Selection Level-1 Peak HLT Peak

Level-1 (GeV) HLT (GeV) Rate (kHz) Rate (Hz)
L = 1.2 ⇥ 1034 cm�2s�1

Single leptons

Single isolated µ, pT > 27 GeV 20 26 (i) 13 133
Single isolated tight e, pT > 27 GeV 22 (i) 26 (i) 20 133
Single µ, pT > 52 GeV 20 50 13 48
Single e, pT > 61 GeV 22 (i) 60 20 13
Single ⌧, pT > 170 GeV 60 160 5 15

Two leptons

Two µ’s, each pT > 15 GeV 2 ⇥ 10 2 ⇥ 14 1.5 21
Two µ’s, pT > 23, 9 GeV 20 22, 8 13 30
Two loose e’s, each pT > 18 GeV 2 ⇥ 15 2 ⇥ 17 8 7
One e & one µ, pT > 8, 25 GeV 20 (µ) 7, 24 13 2
One loose e & one µ, pT > 18, 15 GeV 15, 10 17, 14 1.5 2.6
Two ⌧’s, pT > 40, 30 GeV 20 (i), 12 (i) (+jets) 35, 25 6 35
One ⌧ & one isolated µ, pT > 30, 15 GeV 12 (i), 10 (+jets) 25, 14 (i) 1.5 7
One ⌧ & one isolated e, pT > 30, 18 GeV 12 (i), 15 (i) (+jets) 25, 17 (i) 3 9

Three leptons

Three loose e’s, pT > 18, 11, 11 GeV 15, 2 ⇥ 8 17, 2 ⇥ 10 15 < 0.1
Three µ’s, each pT > 7 GeV 3 ⇥ 6 3 ⇥ 6 0.1 3
Three µ’s, pT > 21, 2 ⇥ 5 GeV 20 20, 2 ⇥ 4 13 4
Two µ’s & one loose e, pT > 2 ⇥ 11, 13 GeV 2 ⇥ 10 (µ’s) 2 ⇥ 10, 12 1.5 0.2
Two loose e’s & one µ, pT > 2 ⇥ 13, 11 GeV 2 ⇥ 8, 10 2 ⇥ 12, 10 1.1 0.1

One photon One loose �, pT > 145 GeV 22 (i) 140 20 30

Two photons Two loose �’s, pT > 40, 30 GeV 2 ⇥ 15 35, 25 8 40
Two tight �’s, pT > 27, 27 GeV 2 ⇥ 15 2 ⇥ 22 8 16

Single jet Jet (R = 0.4), pT > 420 GeV 100 380 3 38
Jet (R = 1.0), pT > 460 GeV 100 420 3 35

Emiss
T Emiss

T > 200 GeV 50 110 6 230

Multi-jets
Four jets, each pT > 110 GeV 3 ⇥ 50 4 ⇥ 100 0.4 18
Five jets, each pT > 80 GeV 4 ⇥ 15 5 ⇥ 70 3.5 14
Six jets, each pT > 70 GeV 4 ⇥ 15 6 ⇥ 60 3.5 5
Six jets, each pT > 55 GeV, |⌘ | < 2.4 4 ⇥ 15 6 ⇥ 45 3.5 18

b�jets

One b (✏ = 60%), pT > 235 GeV 100 225 3 24
Two b’s (✏ = 60%), pT > 160, 60 GeV 100 150, 50 3 20
One b (✏ = 70%) & three jets, each pT > 85 GeV 4 ⇥ 15 4 ⇥ 75 3.5 19
Two b (✏ = 60%) & one jet, pT > 65, 65, 110 GeV 2 ⇥ 20, 75 2 ⇥ 55, 100 2.7 25
Two b (✏ = 60%) & two jets, each pT > 45 GeV 4 ⇥ 15 4 ⇥ 35 3.5 56

b�physics Two µ’s, pT > 6, 6 GeV 6, 6 6, 6 4.7 20plus dedicated b-physics selections
Total 85 1500

12th January 2017 – 09:21 5

Trigger
Typical o✏ine selection

Trigger Selection Level-1 Peak HLT Peak

Level-1 (GeV) HLT (GeV)
Rate (kHz) Rate (Hz)

L = 5⇥ 1033 cm�2s�1

Single leptons
Single iso µ, pT > 21 GeV 15 20 7 130
Single e, pT > 25 GeV 20 24 18 139
Single µ, pT > 42 GeV 20 40 5 33
Single ⌧ , pT > 90 GeV 60 80 2 41

Two leptons

Two µ’s, each pT > 11 GeV 2⇥ 10 2⇥ 10 0.8 19
Two µ’s, pT > 19, 10 GeV 15 18, 8 7 18
Two loose e’s, each pT > 15 GeV 2⇥ 10 2⇥ 12 10 5
One e & one µ, pT > 10, 26 GeV 20 (µ) 7, 24 5 1
One loose e & one µ, pT > 19, 15 GeV 15, 10 17, 14 0.4 2
Two ⌧ ’s, pT > 40, 30 GeV 20, 12 35, 25 2 22
One ⌧ , one µ, pT > 30, 15 GeV 12, 10 (+jets) 25, 14 0.5 10
One ⌧ , one e, pT > 30, 19 GeV 12, 15 (+jets) 25, 17 1 3.9

Three leptons

Three loose e’s, pT > 19, 11, 11 GeV 15, 2⇥ 7 17, 2⇥ 9 3 < 0.1
Three µ’s, each pT > 8 GeV 3⇥ 6 3⇥ 6 < 0.1 4
Three µ’s, pT > 19, 2⇥ 6 GeV 15 18, 2⇥ 4 7 2
Two µ’s & one e, pT > 2⇥ 11, 14 GeV 2⇥ 10 (µ’s) 2⇥ 10, 12 0.8 0.2
Two loose e’s & one µ,

2⇥ 8, 10 2⇥ 12, 10 0.3 < 0.1
pT > 2⇥ 11, 11 GeV

One photon one �, pT > 125 GeV 22 120 8 20

Two photons
Two loose �’s, pT > 40, 30 GeV 2⇥ 15 35, 25 1.5 12
Two tight �’s, pT > 25, 25 GeV 2⇥ 15 2⇥ 20 1.5 7

Single jet
Jet (R = 0.4), pT > 400 GeV 100 360 0.9 18
Jet (R = 1.0), pT > 400 GeV 100 360 0.9 23

Emiss
T Emiss

T > 180 GeV 50 70 0.7 55

Multi-jets
Four jets, each pT > 95 GeV 3⇥ 40 4⇥ 85 0.3 20
Five jets, each pT > 70 GeV 4⇥ 20 5⇥ 60 0.4 15
Six jets, each pT > 55 GeV 4⇥ 15 6⇥ 45 1.0 12

b�jets

One loose b, pT > 235 GeV 100 225 0.9 35
Two medium b’s, pT > 160, 60 GeV 100 150, 50 0.9 9
One b & three jets, each pT > 75 GeV 3⇥ 25 4⇥ 65 0.9 11
Two b & two jets, each pT > 45 GeV 3⇥ 25 4⇥ 35 0.9 9

b�physics
Two µ’s, pT > 6, 4 GeV

6, 4 6, 4 8 52
plus dedicated b-physics selections

Total 70 1400

1



Requester: Submits a 
request at MCG 

Requester: Submits a 
savannah request 

Menu Expert: 
Implements the trigger 
and requests a menu 
tag for the release 
nightly validation 

Menu Expert on Call 
and Release 
Coordinator: Request 
a reprocessing to test 
the menu changes 

Offline Expert on 
Call: Check the 
reprocessing for 
crashes or errors 

Signature Group 
expert on call: Checks 
the performance of the 
trigger on the 
reprocessing 

Trigger Operations: 
Approve the use of the 
new trigger online 

Release coordinator: 
requests a new cache 

Online expert on call: 
picks the new cache for 
online running 

Menu Expert on call: 
Fine-tunes prescales 
for the new trigger and 
uploads new 
configuration keys in 
the online DB (SMK, L1 
and HLT PS) 

If ✓ 

If ✓ 

If ✗ If ✓ 

If ✗ 

(How a new trigger goes online) 

Trigger runs online 
(unless a bug found) 

TRIGGER SNAKES AND LADDERS 
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ATLAS Trigger Operations
= 13 TeVsData 2016, 

IMPACT OF PILEUP 

Generally both L1 and 
HLT reconstruction 
made robust to pile-up. 
•  Huge effort in finding 

ways to mitigate the 
problem. 

•  At the HLT: tracking 
helps! 

Still fighting for MET… 
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E/gamma Taus Bjets Jets 

Muons Bphysics & 
light states MET MinBias 
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TrigOps, DQ  
& Monitoring 
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ELECTRON / PHOTON 
At L1:  

•  Analyse regions of 4x4 trigger tower.  

•  Cut on transverse energy threshold; eta-dependent; 
apply hadronic core isolation; and electromagnetic 
isolation. 
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AN IMPORTANT FIGURE OF MERIT 
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B-JETS 
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Use dedicated Primary Vertex (PV) finding 
and a BDT (similar to offline) to select b-jets 
against c- and light-jets. 

1.  Run tracking within jet RoIs for PV reco. 

2.  Run tracking within wider cone for 
secondary vertex finding.  

L1_J 

Standard jet finding 

Jet pT / Njet cut 

Fast Track Reco 

Jet pT > 30 GeV 

Primary vertexing 

HLT 
Decision 

Precision Track Reco 

b-tagging cut 

Compute MV2 (BDT) 

Secondary vertexing 

1. 

2. 

1. 

2. 



BUNCHGROUP 

•  E.g. “paired” BCIDs: 60-107, 116-163, 
199-246, etc. 

 
•  Colliding BCIDs spaced by 25ns within 

a “train” of proton bunches. 
 
•  Detector readout can be larger than 

25ns (sub-detector dependent)... 
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COMMON: HLT CALO CLUSTERING 
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Reconstructs calorimeter data at the HLT.  

•  For electrons, taus, jets, MET. 

•  Exists in RoI-based version (used in electrons and taus) and Full-scan version 
(used in jets and MET). 

Data is unpacked to calorimeter cells from where clusters are built.  

Pile-up corrections: train structure and bunch to bunch luminosity variations can 
create significant energy shifts which are mitigated by BCID dependent average 
pileup correction. Offline since a while, online since 2016. 

 

 

 



COMMON: HLT CALO CLUSTERING 
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Reconstructs calorimeter data at the HLT.  

•  For electrons, taus, jets, MET. 

•  Exists in RoI-based version (used in electrons and taus) and Full-scan version 
(used in jets and MET). 

Data is unpacked to calorimeter cells from where clusters are built.  

Pile-up corrections: train structure and bunch to bunch luminosity variations can 
create significant energy shifts which are mitigated by BCID dependent average 
pileup correction. Offline since a while, online since 2016. 

 

 

 



COMMON: HLT CALO CLUSTERING 
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(      ) 

Reconstructs calorimeter data at the HLT.  

•  For electrons, taus, jets, MET. 

•  Exists in RoI-based version (used in electrons and taus) and Full-scan version 
(used in jets and MET). 

Data is unpacked to calorimeter cells from where clusters are built.  

Pile-up corrections: train structure and bunch to bunch luminosity variations can 
create significant energy shifts which are mitigated by BCID dependent average 
pileup correction. Offline since a while, online since 2016. 

 

 

 



COMMON: HLT CALO CLUSTERING 
Reconstructs calorimeter data at the HLT.  

•  For electrons, taus, jets, MET. 

•  Exists in RoI-based version (used in electrons and taus) and Full-scan version 
(used in jets and MET). 

Data is unpacked to calorimeter cells from where clusters are built.  

Pile-up corrections: train structure and bunch to bunch luminosity variations can 
create significant energy shifts which are mitigated by BCID dependent average 
pileup correction. Offline since a while, online since 2016. 
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Proton bunches 
>1011 protons/bunch 

(colliding at ~40MHz in run2) 

~25 p-p collisions / bunch crossing 
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~25 p-p collisions / bunch crossing 


